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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.

1. 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 2011-2013 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.

2. 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.
T 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

3. 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 generator take assumption.
A Rule 2.2: For Compose and Association have to be named at the navigable end, not the
connector itself.

a 2011-2013 The SAFE Consortium 17
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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

4. 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

5. 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

6. 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 2011-2013 The SAFE Consortium 18
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7. References

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

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
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4 Information Model Structure

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

CommonsStructure Technical package defining basic structures
1 DataTypes
0 Collects all used primitive data types
1 FormulaExpression
o 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.

Software Safety extensions on software level
System Safety extensions on system level
a4 2011-2013 The SAFE Consortium 20
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5 Data Model documentation

This sectionprovidesthe specification of th8 AFE metamodel.

Package "SAFE Meta-Model"

Typeof Package Package
ParentPackage: Model
Notes:

Diagram "SAFE Meta-Model Overview"

Notes:

a 2011-2013 The SAFE Consortium 21
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class SAFE Meta-Model Overview /

CommonStructure

:I +DataTypes
j + References

:I +Toplevel

j +FormulaExpression
:I + SafetyExtengons

DataTypes

+ FunctionBehaviarkind
+AS|LDecomposedEnum

Copyright 2013 The SAFE Project Consortium

Draft verson
Final verson planned for March 2014

TopLevel

+ASILEnum
+ DevelopmentCategory
+ SafeElementT ype

+ Numerical
+ Boolean

References

+ PaclageabhieElement
+ SAFE

+ SAFEPackage .

+ SafetyCaseExpression +Integer
+ Referrable + String
+ SAFEElement
+ ldentifiable

+ Date

+Float

+ [dentifier

+ UriString
+ UrlString

(from CorrmonSitructure)

SafetyExtensions

from CorrronStiucture)

+Functional SafetyExtension

+ HardwarelmplementationSafetyExtension
+HazardandRiskSafetyExtengion
+ImplementationSafetyE stendon
+ReguirementsSafetyExtension

+ SafetyExtension

+ SoftwarelmplementationSafetyExtenson
+ Technical SafetyExtension

:I + Software SafetyExtension

j + Technical SafetyExtension

+CHROMOSOMEReference
+EagadlReferance
+AbdractReference
+AutosarReference

:I +CHROMOSOMEReferences
:I +EASTADLReferences

:I +AUTOSARReferences

FormulaExpression

[=] + AtpFormulaExpressionString
+ FormulaExprassion

(from CorrronStructure)

ErrorModel

+Regrictable
+Resgriction

Hardware

(from CorrronStiucture)

(from Common Structure)

Hazards

+EnorvodelMapping
+Eroodel
+ _inganceRef

Requirements

:I +ErrarBehavior
j +EnoriodelType
:I + Malfunction

j+FaMuranrmu\a

:I + Failure
j+FaMureF‘an

j + HWQuantitativeMeasure
:I + HwArchitecturalMetrics
j + ProbabilisticMethods

+ Actar

+Compo
+Compo

+Hazard
+Hazard

+AtomicCondition

+ ControllabilityClasskind
+ ControllabilityReference
+ExposureClassind

+ OperatingMode

+ OperationalActor

+ OperationaiCondition
+ Operational Situation
+Property

+ RiskDescription

+ SafeState

+ SeverityClaskind

steCondition
site ConditionOperator

ousEvent

Software

+Verify

+ Satisfy

+HagAdIDecomposed
+HasEmergencyOperationTimelnterval
+HasFaultTolerantTimelnterval

+ RequirementKind

B + RequirementsReleationship

+ AbsgractSafetyRequirement

+ AllocatableElerent

+ AllocationTarmget
+FunctionalSafetyRequirement
+ RequirementsLink

+ RequirementsLinkT ype

+ Software SafetyRequirement
+Technical SafetyRequirement
+ TraceabieSpecification

:I + Software SafetyRequirements

System

:I +Configuration
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Figure:1

Package "CommonStructure"

Typeof Package Package
ParentPackage: SAFE MetaModel
Notes:

Package "DataTypes"

Typeof Package Package
ParentPackage: CommonStructure
Notes:

Diagram "Datatypes'

Notes:
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class Datatypes

Draft version.
Final version planned for March 2014.

Copyright 2013 The SAFE Project
Consortium

cdat apypeni
Float

cenumerat

ASILDecomposedEnum

¢cenume.r.
ASILEnum

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
ASIL_QM_C
ASIL_QM_D
QM

cenumerati
Dev elopmentCategory

cdat apy cdat apy ¢gdat apy ¢gdat apy
Numerical Boolean Date

cdat apy cdat apy

Identifier UriString

cdatapypeni
Integer %

cdat apy

UrlString

FunctionBehav iorKind

ASIL_A
ASIL_B

newltemDevelopment
modificationOfExistingltem

cenumerat

ASIL_C
ASIL_D
QM

SIMULINK =0
STATEMATE =1
SDL =2

ASCET =3
SCADE =4
OTHER =5
MARTE = 6

UML =7

SCILAB =8

¢cgenumer a
SafeElementType

Unknown = 0
Goals=1
Strategies = 2
Solutions =3
Contexts = 4
Assumtions =5
Justifications = 6

Figure:2

Element "ASILDecomposedEnum”
ParentPackage:

Stereotype:

Notes:

Attributes

DataTypes

«enumerationy»
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PK |Name Type Not Unique Len |Pre | Scale|Init Notes
Null c
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
ASIL_QM_C
ASIL_QM_D
QM
Element "ASILEnum"
ParentPackage: DataTypes
Stereotype: «enumerationy
Notes:
An ASIL shall be determined by using the parameters
1 severity
1 probability of exposure
1 controllability
ISO 26262 ReferencePart 3 Chapter 7.4.4
Attributes
PK | Name Type Not Unique |Len |Pre |Scale Init Notes
Null c
a4 2011-2013 The SAFE Consortium 25
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ASIL_A

ASIL_B

ASIL_C

ASIL_D

QM

Element "DevelopmentCategory"
ParentPackage: DataTypes

Stereotype: «enumerationy
Notes:
This element is an enumeration for the development kind of an item.

Values:
- new

- modification

ISO 262626ReferencePart 3 Chapter 6.4.1

Attributes
PK |Name Type Not Unique Len Pre | Scale|Init Notes
Null c
newltemDevelop 0 0 0
ment
modificationOfEXxi 0 0 0
stingltem
Element "FunctionBehaviorKind"
ParentPackage: DataTypes
Stereotype: «enumerationy
Notes:
Attributes
PK | Name Type Not Unique |Len |Pre |Scale Init Notes
Null c
SIMULINK 0
STATEMATE

a 2011-2013 The SAFE Consortium
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SDL

ASCET

SCADE

OTHER

MARTE

UML

SCILAB

0 N O O A WO N

Element "SafeElementType"

ParentPackage: DataTypes
Stereotype: «enumerationy

Notes:

Attributes

PK |Name Type Not
Null

Unique

Len

Pre

Scale

Init

Notes

Unknown

Goals

Strategies

Solutions

Contexts

Assumtions

Justifications

o O] O Ol o o o

o O O O] O O O o

o O O] O] Ol Ol O

o 01 | W N | O

Element "Boolean"

ParentPackage: DataTypes
Stereotype: «primitive,
Notes:

Element "Date"

ParentPackage: DataTypes
Stereotype: «primitive,
Notes:

a 2011-2013 The SAFE Consortium
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Element "Float"

ParentPackage: DataTypes
Stereotype: «primitive,
Notes:

Relationships

Name Source/Target Notes
Source: Float
Target: Numerical

Element "ldentifier"

ParentPackage: DataTypes
Stereotype: «primitive,
Notes:

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

It needs to start with a letter, may consist of letters, digits and underscore. It must not have two consecutive
underscores (to support subsequent name mangling based on"__").

Rdationships

Name Source/Target Notes
Source: Identifier.
Target: String

Element "Integer"

ParentPackage: DataTypes
Stereotype: «primitive»,
Notes:

Relationships

a 2011-2013 The SAFE Consortium 28
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Name Source/Target Notes
Source: Integer
Target: Numerical

Element "Numerical"

ParentPackage: DataTypes

Stereotype: «primitive»,

Notes:

Relationships

Name Source/Target Notes
Source: Float
Target: Numerical
Source: Integer
Target: Numerical

Element "String"

ParentPackage: DataTypes
Stereotype: «primitive,
Notes:

Any string.

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

Relationships

Name Source/Target Notes
Source: UriString.
Target: String
Source: Identifier.
Target: String

Element "UriString"

ParentPackage: DataTypes
Stereotype: «primitive»,
Notes:

a 2011-2013 The SAFE Consortium
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A Uniform Resource Identifier (URI), is a compact string of characters used to identime a resource.

Relationships

Name Source/Target Notes
Source: UrlIString.
Target: UriString.
Source: UriString.
Target: String

Element "UrlString"

ParentPackage: DataTypes

Stereotype: «primitive,

Notes:

A Uniform Resource Location

Relationships

Name Source/Target Notes
Source: UrlIString.
Target: UriString.

Package "FormulaExpression"

Typeof Package Package
ParentPackage: CommonStructure
Notes:

Diagram "EormulaExpression’

Notes:

a 2011-2013 The SAFE Consortium
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class FormuIaExpression/

cat pMi xedSt
AtpFormulaExpressionString

+atpMixedString

FormulaExpression

+ Formula :String

Copyright 2013 The SAFE Project
Consortium

Draft version.
Final version planned for March
2014.

Figure:3

Element "AtpFormulaExpressionString"

ParentPackage: FormulaExpression
Stereotype: «atpMixedStringy
Notes:
Relationships
Name Source/Target Notes
Source: HWPMHFFormula
Target: AtpFormulaExpressionString
Source: HWFailureClassContributionFormula
Target: AtpFormulaExpressionString
Source: HWLambdaPartFormula
Target: AtpFormulaExpressionString
Source: HWFMSingleContributionFormula
Target: AtpFormulaExpressionString
Source: HWLatentFaultMetricFormula
Target: AtpFormulaExpressionString
a4 2011-2013 The SAFE Consortium 31
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Name Source/Target Notes
Source: FormulaExpressian
Target: 1  AtpFormulaExpressionStringtpMixedString
Source: HWSinglePointFaultMetricFormula
Target: AtpFormulaExpressionString
Source: FailureLogicFormula
Target: AtpFormulaExpressionString

Element "FormulaExpression"

ParentPackage: FormulaExpression

Stereotype: ,

Notes:

Attributes

PK |Name Type Not Unique Len Pre | Scale|Init Notes

Null c
Formula String

Relationships

Name Source/Target Notes
Source: FormulaExpressian
Target: 1  AtpFormulaExpressionStringtpMixedString
Source: 1  FormulaExpressiamalue The formulg

Target: 0..1 Filter.

defining how the
value of the filte
shall be compute

Package "References"

Typeof Package Package
ParentPackage: CommonStructure
Notes:

Diagram "Reference$

Notes:
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class References /

Copyright 2013 The SAFE Project
Consortium

cabstre

AbstractReference .
Draft version.

Final version planned for March
2014.

cabstrac cabstr cabstract
AutosarReference EastAdIReference] CHROMOSOMEReference
Figure:4

Element "AbstractReference"

ParentPackage: References
Stereotype: «abstracty
Notes:

Relationships

Name Source/Target Notes
Source: CHROMOSOMEReference
Target: AbstractReference
Source: EastAdIReference
Target: AbstractReference
Source: AutosarReference
Target: AbstractReference

Element "AutosarReference"

ParentPackage: References
Stereotype: «abstracty
Notes:

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

Name Source/Target Notes
Source: VariableDataPrototype
Target: AutosarReference
Source: HwElementPrototype
Target: AutosarReference
Source: SwComponentType
Target: AutosarReference
Source: ModeDeclaration
Target: AutosarReference
Source: ComponentinCompositioninstanceRef
Target: AutosarReference
Source: HwElementType
Target: AutosarReference
Source: ModeDeclarationGroupPrototype
Target: AutosarReference
Source: PortPrototype
Target: AutosarReference
Source: RunnableEntity
Target: AutosarReference
Source: CompositionSwComponentType
Target: AutosarReference
Source: BswModuleEntry
Target: AutosarReference
Source: System
Target: AutosarReference
Source: AutosarReference
Target: AbstractReference
Source: BswModuleDescription
Target: AutosarReference
Source: ClientServerOperation
Target: AutosarReference
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Element "CHROMOSOMEReference"

ParentPackage: References

Stereotype: «abstracty

Notes:

Relationships

Name Source/Target Notes
Source: Node
Target: CHROMOSOMEReference
Source: System
Target: CHROMOSOMEReference
Source: CHROMOSOMEReference
Target: AbstractReference
Source: Application
Target: CHROMOSOMEReference
Source: Component
Target: CHROMOSOMEReference
Source: ComponentModelnstanceRef
Target: CHROMOSOMEReference
Source: Topic.
Target: CHROMOSOMEReference

Element "EastAdIReference"

ParentPackage: References

Stereotype: «abstracty

Notes:

Relationships

Name Source/Target Notes
Source: FunctionPort
Target: EastAdIReference
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Name Source/Target Notes
Source: HardwarePin
Target: EastAdIReference
Source: AnalysisFunctionType
Target: EastAdIReference
Source: EastAdIReference
Target: AbstractReference
Source: HardwaeComponentPrototype
Target: EastAdIReference
Source: FunctionPrototype
Target: EastAdIReference
Source: SystemModel
Target: EastAdIReference
Source: Environment
Target: EastAdIReference
Source: Requirement
Target: EastAdIReference
Source: Item.
Target: EastAdIReference
Source: HardwareComponentType
Target: EastAdIRefeence
Source: DesignFunctionType
Target: EastAdIReference

Package "CHROMOSOMEReferences"

Typeof Package

ParentPackage:

Notes:

Package

References

Diagram "CHROMOSOMEReferences

Notes:
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class CHROMOSOMEReferences /

Copyright 2013 The SAFE Project
Consortium

Draft version.
Final version planned for March
2014.

AbstractReference

cabstract
References:
CHROMOSOMEReference

?

Component System Topic

Node

Application

+context

ComponentModelnstanceRef

Figure:5
Element "Application”
ParentPackage: CHROMOSOMEReferences
Stereotype: ,
Notes:

A reference to a specific CHROMOSOME application.

Relationships

Name Source/Target Notes
Source: 1  Applicationmonitors
Target: 1  ChromosomeApplicationHealthMonitor
Source: Application
Target: CHROMOSOMEReference
Source: 1  Applicationsafeguards
Target: ChromosomeApplicationSafetyExtension
Element "Component"
ParentPackage: CHROMOSOMEReferences
Stereotype: ,
a4 2011-2013 The SAFE Consortium 37
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Notes:

A reference to a specific CHROMOSOME component instance.

Relationships

Target: 1 ComponensatisfiedBy

Name Source/Target Notes
Source: 1 ChromosomeNodeHealthMonitor Generated
CHROMOSOME

component thg
satisfies the SSR

Source: 1 ChromosomeHeartbeatSender

Target: 1 ComponensatisfiedBy

Generated

CHROMOSOME
component the
satisfies the SSR

Source: 1 ChromosomeApplicationHealthMonitor

Target: 1 ComponensatisfiedBy

Generated

CHROMOSOME
component the
satisfies the SSR

Source: 1 ChromosomeMemoryTest

A satisfy relatior

. ofi mapping
Target: 1 ComponensatisfiedBy MemorySelfTest
SSRs tc
generated
CHROMOSOME
components.
Source: 1  Conponentsupervises Defines the set ¢
_ . supervised
Target: ChromosomeHealthMonitor CHROMOSOME
components.
Source: 1 ChromosomeCpuSelfTest Geneated
CHROMOSOME

Target: 1 ComponensatisfiedBy

component thg
satisfies the SSR

Source: Component
Target: CHROMOSOMEReference

Source: *  Componentontext

Target: ConponentModelnstanceRef

Source: 1 ChromosomeHeartbeatReceiver
Target: 1 ComponensatisfiedBy

Generated

CHROMOSOME
component the
satisfies the SSR

Source: 1 ChromesomeVoting Generated
CHROMOSOME
a4 2011-2013 The SAFE Consortium 38
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Name Source/Target Notes
Target: 1 ComponensatisfiedBy component thg
satisfies the SS
implementing
SSM.

Source: 1  Componentarget

Target: ChromosomeComparison

Element "ComponentModelnstanceRef"
ParentPackage: CHROMOSOMEReferences

Stereotype: ,
Notes:
Enables referencing afiode of a specific CHROMOSOME component instance.

Relationships

Name Source/Target Notes
Source: 1  ComponentModelnstanceRiggeredBy Specifies a set ¢
. o modes 0
Target: 1  ChromosomeComponentModeCondition CHROMOSOME
component
instances, whic
triggers the
component mod
condition.
Source: ComponentModelnstanceRef
Target: CHROMOSOMEReference
Source: *  Componentontext
Target: ComponentModelnstanceRef
Element "Node"
ParentPackage: CHROMOSOMEReferences
Stereotype: ,
Notes:

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

Relationships
Name Source/Target Notes
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Name Source/Target Notes
Source: Node
Target: CHROMOSOMEReference
Source: 1  Nodechecks
Target: 1  ChromosomeCpuSelfTest
Source: 1  Nodetests
Target: 1..* ChromosomeMemoryTest
Source: 1  Nodemonitors
Target: 1  ChromosomeNodeHealthMonitor
Element "System"
ParentPackage: CHROMOSOMEReferences
Stereotype: ,
Notes:
Relationships
Name Source/Target Notes
Source: System
Target: CHROMOSOMEReference
Source: 1 Systensafeguards
Target: ChromosomeSystemSafetyExtension
Element "Topic"
ParentPackage: CHROMOSOMEReferences
Stereotype: ,
Notes:
A reference to a specific CHROMOSOME topic.
Relationships
Name Source/Target Notes

Source: 1 Topictarget

Target: ChromosomeComparisonParameter
Source: 1 Topictarget References th
topic  instances
a4 2011-2013 The SAFE Consortium 40
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Name

Source/Target

Notes

Target: 1..* ChromosomeVotingParameter

which represer
the data for votin
and output value

Source: Topic.
Target: CHROMOSOMEReference

Source: 1  TopictriggeredBy
Target: 1 ChromosomeErrorEventCondition

Includes P
reference to
CHROMOSOME

topic used t(
transport  erro
notifications from
different
componens
subsystems, ar
acting as a trigge

for error
condition.
Source: 1  Topic.publishedVia Includes e
_ . e . reference to
Target: 1 CHROMOSOMEHealthMonitorNotification CHROMOSOME

topic used t(
transport erro
notifications.

Package "EASTADLReferences"

Typeof Package

ParentPackage:

Notes:

Package
References

Diagram "EASTADLReferences

Notes:
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class EASTADLReferences/

1"

"

IAbstractReference

cabstr
References::
EastAdIReference]

Copyright 2013 The SAFE Project
Consortium

Draft version.
Final version planned for March
2014.

",

Figure:6
Element "AnalysisFunctionType"
ParentPackage: EASTADLReferences
Stereotype: ,
Notes:
Relationships
Name Source/Target Notes
Source: AnalysisFunctionType
Target: EastAdIReference

Source: 1  AnalysisFunctionTypscope
Target: FunctionalSafetyExtension

a4 2011-2013 The
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Element "DesignFunctionType"
ParentPackage: EASTADLReferences

Stereotype: ,

Notes:

Relationships
Name Source/Target Notes

Source: 1 DesignFunctionTypscope

Target: SoftwareSafetyDesign
Source: DesignFunctionType
Target: EastAdIReference

Element "Environment"
ParentPackage: EASTADLReferences

Stereotype: ,
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 road, buildings next to the road, snow,...)

Relationships
Name Source/Target Notes

Source: OperationalSituation
Target: 0..1 Environmentenvironment

Source: 1..* EnvironmengnvironmentalElement

Target: HazardandRiskSafetyExtension
Source: Environment
Target: EastAdIReference

Element "FunctionPort"

ParentPackage: EASTADLReferences
Stereotype: ,
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Notes:

Relationships

Name Source/Target Notes
Source: MFPFunctionPort
Target: 0..1 FunctionPorfunctionTarget
Source: FunctionPort
Target: EastAdIReference
Source: 1  FunctionPortarget
Target: FaultFailurePort_functionTarget
Element "FunctionPrototype"
ParentPackage: EASTADLReferences
Stereotype: ,
Notes:
Relationships
Name Source/Target Notes
Source: 0..* FunctionPrototypeontext
Target: FaultFailurePort_functionTarget
Source: FunctionPrototype
Target: EastAdIReference
Source: 1  FunctionPrototypgarget
Target: ErrorModelPrototype_functionTarget
Source: EMPFunction the targe

Target: 0..1 FunctionPrototypéunctionTarget

function instance

Source: 0..* FunctionPrototypeontext

Target: ErrorModelPrototype_funatnTarget

Element "HardwareComponentPrototype”
ParentPackage: EASTADLReferences

Stereotype: ,
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Notes:

Class used to reference an EABDL HardwareComponentPrototype element.

Relationships

HardwareComponentPrototypentextHwComponentSca
e

Name Source/Target Notes
Source: HardwareComponentPrototype
Target: EastAdIReference
Source: EMPHwComponent
Target: 1 HardwareComponentPrototypaTarget
Source: HwComponercopelnstanceRef
Target: 0..1

Source: 1  HardwareComponentPrototyparget

Target: ErrorModelPrototype _hwTarget

Source: 0..* HardwareComponentPrototypentext

Target: ErrorModelPrdotype_hwTarget

Source: HwComponentScopelnstanceRef

Target: 0..1

HardwareComponentPrototypergetHwComponentScop

Element "HardwareComponentType"

ParentPackage:
Stereotype:

Notes:

EASTADLReferences

Class used to reference an EASDL HardwareComponentType element.

Relationships

Name Source/Target Notes
Source: 1  HardwareComponentTymEope the targe
_ hardware
Target: EMTypeHwComponent component
Source: HwComponentScopelnstanceRef
Target: 0..1
HardwareComponentTydsmseHwcompoentScope
Source: 1  HardwareComponentTymEope
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Name Source/Target Notes
Target: HardwareSafetyDesign
Source: HardwareComponentType
Target: EastAdIReference
Element "HardwarePin"
ParentPackage: EASTADLReferences
Stereotype: ,
Notes:
Relationships
Name Source/Target Notes
Source: HardwarePin
Target: EastAdIReference
Source: 1 HardwarePirtarget
Target: FaultFailurePort_hwTarget
Source: MFPHardwarePin
Target: 0..1 HardwarePithwTarget
Element "ltem"
ParentPackage: EASTADLReferences
Stereotype: ,
Notes:
class used to reference the EABDL item element
Relationships
Name Source/Target Notes
Source: Item.
Target: EastAdIReference

Element "Requirement”
ParentPackage: EASTADLReferences

Stereotype: ,

Notes:
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Class used to reference an EABDL Requirement element.

Relationships

Name Source/Target Notes
Source: Requirement
Target: EastAdIReference
Source: AbstractSafetyRequirement
Target: 0..1 Requirementequirement

Element "SystemModel"

ParentPackage: EASTADLReferences

Stereotype: ,

Notes:

Class used to reference an EASDL SystemModel element.

Relationships

Name Source/Target Notes
Source: SystemModel
Target: EastAdIReference

Package "AUTOSARReferences"

Typeof Package Package
ParentPackage: References
Notes:

Diagram "AUTOSARReference$

Notes:

a 2011-2013 The SAFE Consortium
(318)

47




SAFE - an ITEA2 project

D3.5.b

class AUTOSARReferences /

'!

Consortium

Draft version.

2014.

Copyright 2013 The SAFE Project

Final version planned for March

AbstractReference
cabstrac
References::
AutosarReference

=

Figure:7

Element "BswModuleDescription™

ParentPackage: AUTOSARReferences
Stereotype: ,
Notes:
Relationships
Name Source/Target Notes

Source: 1  BswModuleDescriptiomswTarget

The target basi
software module

Target: EMPBswModule
Source: BswModuleDescription
Target: AutosarReference

Source: 1  BswModuleDescriptiorscope

the target basi
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Name Source/Target

Notes

Target: EMTypeBswModule

software module

Element "BswModuleEntry"
ParentPackage: AUTOSARReferences

Stereotype: ,
Notes:

Relationships

Name Source/Target Notes
Source: BswModuleEntry
Target: AutosarReference

Source: 1  BswModuleEntrybswEntry
Target: MFPBswPort

the target bsy
module entry

Element "ClientServerOperation"
ParentPackage: AUTOSARReferences

Stereotype: ,

Notes:

Relationships

Name Source/Target Notes
Source: 1 ClientServerOperatioaperation the targe
Target: MFPOperation operation
prototype
instance
Source ClientServerOperation
Target: AutosarReference
Element "ComponentinCompositioninstanceRef"
ParentPackage: AUTOSARReferences
Stereotype: ,
Notes:
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A reference to an AUTOSAR software component within a softwamponent composition
itself in another model / file.

Relationships

instance which finds

Name Source/Target Notes

Source: 1  ComponentinCompositioninstanceReimponent | The targe

Target: AutosarCheckPoint component
containing  the
internal behavio
whose runnabl
entity is
monitored

Source: 1  ComponentinCompositioninstanceReftuator The instanc

Target: AutosarActuatorMoitor. refer_ence o th
monitored
actuator
component i
AUTOSAR

Source: ComponentinCompositioninstanceRef

Target: AutosarReference

Source: 1  ComponentinCompositioninstanceR#fcTarget |the targe

Target: EMPSwComponent software
component
instance

Element "CompositionSwComponentType"
AUTOSARReferences

ParentPackage:
Stereotype:

Notes:

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

Relationships

Name Source/Target Notes
Source: 1  CompositionSwComponentTygafeguards The AUTOSAR
Target: AutosarVfbSafetyExtension root software
component
safeguarded b
this safety
extension.
Source: CompositionSwComponentType
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Name Source/Target Notes
Target: AutosarReference

Element "HwElementPrototype"

ParentPackage: AUTOSARReferences

Stereotype: ,

Notes:

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

Relationships

Name Source/Target Notes
Source: HwElementPrototype
Target: AutosarReference
Source: HWElementScopelnstanceRabtanceRef.contex
Target: 0..1 HwElementPrototyp€ontextHwElementScope
Source: HWElementScopelnstanceRattanceRef.target
Target: 1 HwElementPrototypgargetHwElementScope

Element "HwElementType"

ParentPackage: AUTOSARReferences

Stereotype: ,

Notes:

Relationships

Name Source/Target Notes
Source: HWElementScopelnstanceRef

Target: 0..1 HwElementTypéaseHardwareElementScope

Source: HwElementType
Target: AutosarReference

Source: 1  HwElementTypescope

Target: HardwarelmplementationSafetyExtension

Element "ModeDeclaration”
ParentPackage: AUTOSARReferences
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Stereotype: ,
Notes:
Class used to reference an AUTOSAR mode declaration.

Relationships
Name Source/Target Notes

Source: 1 ModeDeclaratiormmodeDeclaration The mode used f{
define a contex
based range

Target: 1  AutosarContext

Source: ModeDeclaration

Target: AutosarReference

Element "ModeDeclarationGroupPrototype"
ParentPackage: AUTOSARReferences

Stereotype: ,

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.

Relationships

Name Source/Target Notes
Source: 1  ModeDeclarationGroupPrototymentext The instance of
mode grouy

Target: 1  AutosarContext declaration whos

modes are used
define a valug
range context

Source: ModeDeclarationGroupPrototype

Target: AutosarReference

Element "PortPrototype"
ParentPackage: AUTOSARReferences

Stereotype: ,
Notes:
Class used to reference AUTOSAR port prototype elements.
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Relationships

Name Source/Target Notes
Source: PortPrototype
Target: AutosarReference

Element "RunnableEntity"

ParentPackage: AUTOSARReferences

Stereotype: ,

Notes:

Class used to reference instances of AUTOSAR runnable entity elements.

Relationships

Name Source/Target Notes
Source: 1  RunnableEntitgargetRunnable The targe

runnable entity t

Target: AutosarCheckPoint be observed
Source: RunnableEntity
Target: AutosarReference

Element "SwComponentType"

ParentPackage: AUTOSARReferences

Stereotype: ,

Notes:

Relationships

Name Source/Target Notes
Source: 1 SwComponentTypscope
Target: SoftwarelmplementationSafetyExtension
Source: 1  SwComponentTypscope the targe
Target: EMTypeSwComponent zg];;\';?);een i
Source: SwComponentType
Target: AutosarReference

Element "System"
ParentPackage:

a 2011-2013 The SAFE Consortium
(318)

AUTOSARReferences

53



SAFE - an ITEA2 project D3.5.b

Stereotype: ,
Notes:

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

Relationships

Name Source/Target Notes
Source: 1  Systensafeguards The AUTOSAR
) : system elemer

Target: AutosarSystemSafetyExtension safeguarded b
this safety
extension

Source: System

Target: AutosarReference

Element "VariableDataPrototype"
ParentPackage: AUTOSARReferences

Stereotype: ,
Notes:

A reference to an AUTOSARariable data prototype of a specific software component within a software component
composition which is defined in another model / file.

Relationships

Name Source/Target Notes
Source: 1 VariableDataPrototypehecks The AUTOSAR
) variable date
Target: ComponentPrototypeCRC prototype  of 2
software
component whos

value is chec
using the CRC(

SSR.

Source: 1 VariableDataPrototypeariable the target variabl
Target: MFPVariable :::]ast;nceprototyp
Source: VariableDataPrototype

Target: AutosarReference

Source: 1 VariableDataPrototypehecks The AUTOSAR
Target: InterfaceCRC \[;?(;it?)tt);/f)e ofdagi
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Name

Source/Target

Notes

interface whos
value is chec
using the CRC(
SSR.

Source: 1 VariableDataPrototypehecked
Target: 1  AutosarContextRangeCheck

The variable dat
prototype of ar

AUTOSAR
software
component whos
range is
monitored

Source: *  VariableDataPrototypparameter

Target: AutosarEvaluationFunction

Source: 1 VariableDataPrototypebserved
Target: AutosarGradientCheck

The AUTOSAR
variable datz
prototype

instance to b
monitored by the
gradent check

Source: 1 VariableDataPrototyptarget
Target: AutosarComparisonParam

The targe
variable dati
prototype of ar
AUTOSAR
software
component whic
provides a valu

for the
comparison
operation.

Package "SafetyExtensions"

Typeof Package Package

ParentPackage: CommonStructure

Notes:

Diagram "SafetyExtension$

Notes:
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class SafetyExtensions /

Rectaneatiok SEn Copyright 2013 The SAFE Project
TopLev el::SAFEElement cabstract Consortium
o Requirements::
+ name :String RequirementsReleationship Draft version.
+requirementsRelationship Final version planned for March
e 2014.
'/o..*
Zﬁ Requirements SafetyExtension | AllocatableElement EastAd|Reference
safetyRequirement Trac P ationtreguirement| e AgTap| References::Requirement
SafetyExtension k1 pabsiract 0.1
0..* Requirements::
AbstractSafetyRequirement

HazardandRisk SafetyExtensior

AllocationTarget EastAdIReference

FunctionalSafetyExtension |, *+SCOPe| EASTADLReferences::
1 AnalysisFunctionType

TechnicalSafetyExtension

Hardw arelmplementationSafetyExtension AutosarReference
*+SCOPe | AUTOSARReferences:
Hw ElementType

AllocationTarget 4/

ImplementationSafetyExtension
Q\ SoftwarelmplementationSafetyExtension AutosarReference

® +SCOPe | AUTOSARReferences:;
1 Sw ComponentType

Identifiable
ErrorModel::ErrorModel

TraceableSpecification

type catpTypee
0.% ErrorModelType::ErrorModelType
+ genericDescription :String = NA
+errorModel 1
+errorModel
0.1 . s
+behavior Identifiable
0.* ErrorBehavior::AbstractErrorBehavior
AllocationTarget
Identifiable
+malfunction catpTypee
Matmetior HunetionFype
0.*

Figure:8

Element "FunctionalSafetyExtension"
ParentPackage: SafetyExtensions
Stereotype: ,

Notes:

The FunctionalSafetyExtension is used as interface to the AnalysisLevel defined irRABPAST his extension
specifies the addn needed to model the functional safety concept defined in the ISO 26262 part 3
chapter 8.

a 2011-2013 The SAFE Consortium 56
(318)



SAFE - an ITEA2 project D3.5.b

Relationships

Name Source/Target Notes
Source: FunctionalSafetyExtension
Target: AllocationTarget
Source: 1  AnalysisFunctionTypscope
Target: FunctionalSafetyExtension
Source: FunctionalSafetyExtension
Target: SafetyExtension

Element "HardwarelmplementationSafetyExtension"
ParentPackage: SafetyExtensions

Stereotype: ,

Notes:

This class represent the Safety 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.

Relationships
Name Source/Target Notes

Source: HardwarelmplementationSafetyExtension

Target: 0..*
HWPartFailureAnalysikardwarePartSafetyAnalysis

Source: 0..1 HWPartFailureamdomHardwarePartFailure

Target: HardwarelmplementationSafetyExtension
Source: HardwarelmplementationSafetyExtension
Target: ImplementationSafetyExtension

Source: 1  HwElementTypescope

Target: HardwarelmplementationSafetyExtension

Element "HazardandRiskSafetyExtension"
ParentPackage: SafetyExtensions

Stereotype: ,
Notes:

The HazardAndRiskSafetyExtension is used as interface to the VehicleFeature defined {ABIAShis extension
specifies the addn needed to model the hazard analysis and risk assessment defined in ISO 26262
part 3 chapter 7. Further details accordinghtmdeling of hazards and safety goals are described in
D3.1.1.b
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Relationships

Name Source/Target Notes
Source: HazardandRiskSafetyExtension
Target: SafetyExtension
Source: 1..* EnvironmenienvironmentalElement
Target: HazardandRiskSafetyExtension
Source: 0..* Hazardhazard
Target: 0..1 HazardandRiskSafetyExtension
Source: 0..* ControllabilityReferenceontrollability
Target: HazardandRiskSafetyExtension
Source: 0..* Actor.actor
Target: HazardandRiskSafetyExtension
Source: 0..* RiskDescriptiorrisk
Target: 0..1 HazardandRiskSafetyExtension
Element "ImplementationSafetyExtension”
ParentPackage: SafetyExtensions
Stereotype: ,
Notes:
Relationships
Name Source/Target Notes
Source: ImplementationSafetyExtension
Target: SafetyExtension
Source: HardwarelmplementationSafetyExtension
Target: ImplementationSafetyExtension
Source: SoftwarelmplementationSafetyExtension
Target: ImplementationSafetyExtension
Source: ImplementationSafetyExtension
Target: AllocationTarget

Element "RequirementsSafetyExtension"
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ParentPackage: SafetyExtensions
Stereotype: ,
Notes:

Container for safetyequirements related elements.

Relationships

Name Source/Target Notes
Source: RequirementsSafetyExtension
Target: SafetyExtension
Source: 0.*

RequirementsReleationshipquirementsRelationship

Target: RequirementsSafetyExtension

Source: 0..* AbstractSafetyRequiremesafetyRequirement
Target: RequirementsSafetyExtension

Element "SafetyExtension"
ParentPackage: SafetyExtensions
Stereotype: ,

Notes:

The abstract pareotass of the different abstractitevel specific safety extensions.

Depending on the specific level of abstraction (HazardRiskModel, FunctionalSafetyExtension,
TechnicalSafetyExtension, ...), the following restriction apply:

- the subtypes of Abstract®ayRequirement (TechnicalSafetyRequirement,
FunctionalSafetyRequirement, SafetyGoal, HW/SWSafetyRequirement) shall be used in
the respective level of abstraction via 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 wsilbh the

HazardandRiskModel)
Relationships
Name Source/Target Notes
Source: ImplementationSafetyExtension
Target: SafetyExtension
Source: HazardandRiskSafetyExtension
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Name Source/Target Notes

Target: SafetyExtension

Source: RequirementsSafetyExtension

Target: SafetyExtension

Source: SafetyExtension

Target: SAFEElement

Source: TechnicalSafetyExtension

Target: SafetyExtensin.

Source: FunctionalSafetyExtension

Target: SafetyExtension

Source: 0..1 ErrorModelerrorModel An error mode

Target: SafetyExtension associated ~ wit

the respectiv
safety extensior
The error mode
is valid in the
context of this
safety extension.

Element "SoftwarelmplementationSafetyExtension"

ParentPackage:
Stereotype:

Notes:

Relationships

SafetyExtensions

Name Source/Target Notes

Source: 1 SwComponentTypscope

Target: SoftwarelmplementationSafetyExtension

Source: 0.*
CodeGenerationConfiguratimodeGenerationConfigurat

n

Target: SoftwarelmplementationSafetyExtension

Source: SoftwarelmplementationSafetyExtension

Target: ImplementationSafetyExtension

Element "TechnicalSafetyExtension"

ParentPackage:

SafetyExtensions
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Stereotype: ,
Notes:

The TechnicalSafetyExtension is used as interface to the DesignLevel defined irABAST his
extension specifies the add needed to model a specific technical solution that is derived
based on the functional safety concept. It contains the

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

= =4

Relationships

Name Source/Target Notes
Source: TechnicalSafetyExtension
Target: SafetyExtension

Source: 0..* SoftwareSafetyDesigsoftwareArchitecture

Target: TechnicalSafetyExtension

Source: 0..* HardwareSafetyDesigmardwareArchitecture

Target: TechnicalSafetyExtension

Package "SoftwareSafetyExtension"

Typeof Package Package
ParentPackage: SafetyExtensions
Notes:

Diagram " SoftwareSafetyExtensiofi

Notes:
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class SoftwareSafetyExtension /

Copyright 2013 The SAFE Project
Consortium

Draft version.
Final version planned for March
2014.

AllocationTarget
TechnicalSafety Extension::SoftwareSafetyDesign

+configuration| 0..*

TechnicalSafetyRequirement
ChromosomeSafeExtension

TechnicalSafetyRequirement
AutosarSafetyExtension

ChromosomeSystemSafetyExtension ChromosomeApplicationSafetyExtension AutosarVfbSafetyExtension AutosarSystemSafetyExtension
+safeguards| 1 +safeguards| 1 +safeguards| 1 +safeguards| 1
CHROMOSOMEReference CHROMOSOMEReference AutosarReference AutosarReference
CHROMOSOMEReferences::System CHROMOSOMEReferences::Application AUTOSARReferences:: AUTOSARReferences::
CompositionSw ComponentType System
Figure:9

Element "AutosarSafetyExtension”
ParentPackage: SoftwareSafetyExtension

Stereotype: ,
Notes:

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

Relationships

Name Source/Target Notes
Source: AutosarSafetyExtension
Target: TechnicalSafetyRequirement
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Name Source/Target Notes
Source: AutosarVfbSafetyExtension
Target: AutosarSafetyExtension
Source: AutosarSafetyExtension
Target: SoftwareSafetyDesign
Source: AutosarSystemSafetyExtension
Target: AutosarSafetyExtension

Element "AutosarSystemSafetyExtension"
ParentPackage: SoftwareSafetyExtension

Stereotype: ,
Notes:
This metaclass defines SAFE extensions which are specified for the AUTOSAR system level.

Relationships

Name Source/Target Notes
Source: 1  Systensafeguards The AUTOSAR
) : system elemer

Target: AutosarSystemSafetyExtension safeguarded b
this safety
extension

Source: AutosarSystemSafetyExtension

Target: AutosarSafetyExtension

Element "AutosarVfbSafetyExtension”
ParentPackage: SoftwareSafetyExtension

Stereotype: ,
Notes:

This metaclass defines the elememsed 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.

Relationships

Name Source/Target Notes
Source: 1  CompositionSwComponentTysafeguards The AUTOSAR
Target: AutosarVfbSafetyExtension root software
component
safeguarded Db
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Name Source/Target Notes
this _ safety
extension.

Source: AutosarVfbSafetyExtension
Target: AutosarSafetyExtension

Element "ChromosomeApplicationSafetyExtension”

ParentPackage: SoftwareSafetyExtension

Stereotype: ,

Notes:

Relationships

Name Source/Target Notes

Source: 1  Applicationsafeguards

Target: ChromosomeApplicationSafetyExtension
Source: ChromosomeApplicatinSafetyExtension
Target: ChromosomeSafeExtension

Element "ChromosomeSafeExtension”

ParentPackage: SoftwareSafetyExtension

Stereotype: ,

Notes:

This element represents abstract Chromosome SAFE extensions.

Relationships

Name Source/Target Notes

Source: ChromosomeSafeExtension

Target: SoftwareSafetyDesign

Source: ChromosomeSystemSafetyExtension
Target: ChromosomeSafeExtension

Source: ChromosomeSafeExtension

Target: TechnicalSafetyRequirement

Source: ChromosomeApplicationSafetyExtension
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Name Source/Target Notes
Target: ChromosomeSafeExtension

Element "ChromosomeSystemSafetyExtension"

ParentPackage: SoftwareSafetyExtension

Stereotype: )

Notes:

Relationships

Name Source/Target Notes
Source: ChromosomeSystemSafetyExtension
Target: ChromosomeSafeExtension

Source: 1 Systensafeguards
Target: ChromosomeSystemSafetyExtension

Package "TechnicalSafetyExtension"

Typeof Package

ParentPackage:

Notes:

Package
SafetyExtensions

This package describes the TechnicalSafetyExtension as defined in the SafetyEXetgiam.

Diagram "TechnicalSafetyExtensiof

Notes:
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class TechnicalSafetyExtension /

Copyright 2013 The SAFE Project
Consortium

Draft version.
Final version planned for March
2014.

SafetyExtension
SafetyExtensions::TechnicalSafetyExtension

¢ ¢

+hardwareArchitecture [ 0..*

+softwareArchitecture | 0..*

AllocationTarget

AlEEEETEgE Hardw areSafetyDesign

SoftwareSafetyDesign

+scope| 1 +scope |1
EastAdIReference EastAdIReference
EASTADLReferences:: EASTADLReferences::
DesignFunctionType Hardw areComponentType
Figure:10

Element "HardwareSafetyDesign"
ParentPackage: TechnicalSafetyExtension

Stereotype:

Notes:

This class represent the Safety Extension point for referezleetent of Hardware Component Type (respectively
from EAST-ADL) to allow the capture of hardware failure and summary failure and analysis results.

Relationships
Name Source/Target Notes

Source: 0.1
HardwareComponentFailurandomHarwareFailure
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Name Source/Target Notes
Target: HardwareSafetyDesign
Source: HardwareSafetyDesign
Target: AllocationTarget
Source: 0..* HardwareFailureAnalysisarwdareSafetyAnalysis
Target: HardwareSafetyDesign
Source: 1  HardwareComponentTypmeope
Target: HardwareSafetyDesign
Source: 0..* HardwareSafetyDesigmardwareArchitecture
Target: TechnicalSafetyExtension
Element "SoftwareSafetyDesign"
ParentPackage: TechnicalSafetyExtension
Stereotype: ,
Notes:
The SafetySoftwareExtension is wused to specify the implementation of the safety relevant

Relationships

SoftwareDesignComponents that are allocated to the SafetySoftwareDesign.

Name

Source/Target

Notes

Source: 1  DesignFunctionTypscope

Target: SoftwareSafetyDesign
Source: ChromosomeSafeExtension
Target: SoftwaeSafetyDesign
Source: SoftwareSafetyDesign
Target: AllocationTarget

Source: 0..* CodeGenerationConfiguratiaonfiguration

Configurations
contained in th

Target: SoftwareSafetyDesign SafeExtension.
Source: AutosarSafetyExdnsion
Target: SoftwareSafetyDesign

Source: 0..* SoftwareSafetyDesigsoftwareArchitecture

Target: TechnicalSafetyExtension

Package "TopLevel"

Typeof Package

Package
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ParentPackage:

Notes:

Diagram "TopLevel"

Notes:

CommonStructure

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

class TopLevel /

Referrable

+ shortName :ldentifier

Identifiable <

Copyright 2013 The SAFE Project
Consortium

Draft version.
Final version planned for March

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

SafetyCaseExpression

elementType :SafeElementType

2014.
¢csplittabl ee
SAFE
+subPackage 0..1
0.*
tags
admin.documentVersion = 2012-11-xx draft
SAFEPackage +topLevelPackage safe.documentVersion = 0.1
N csplittablol xml.globalElement = true
0.1
¢splittabl ee
+element
*
PackageableElement
ZF Requirements::
TraceableSpecification
SAFEElement
|‘> <— + formal :String [0..1]
+ name :String + informal :String [0..1]
+ stakeholder :String [0..n]

+inContextOf 0..*

+supportedBy 0.4*f \

Figure:11

Element "PackageableElement”

ParentPackage: TopLevel
Stereotype: ,
Notes:
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This metaclass specifies the ability to be a member of a SAFE package.

Relationships

Name Source/Target Notes
Source: Restrictable
Target: PackageableElement
Source: *  PackageableElemeatement
Target: 0..1 SAFEPackage
Source: SAFEElement
Target: PackageableElement
Source: PackageableElement
Target: Identifiable

Element "Referrable"
ParentPackage:

Stereotype:

Notes:

TopLevel

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

Attributes
PK |Name Type Not Unique Len Pre | Scale|Init Notes
Null C
shortName Identifie 0 0 0 This specifies a
r identifying
shortName for th
object. It needs to [
unique within itg
context and i
intended for human
but even more fq
technical reference.
Relationships
Name Source/Target Notes
Source: Identifiable
Target: Referrable
Source: HWFault
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Name Source/Target Notes
Target: Referrable
Source: HWFailureMode
Target: Referrable
Source: HWComponentQuantifiedFMFromPart
Target: Referrable
Source: HWFailureRate
Target: Referrable

Element "SAFE"

ParentPackage: TopLevel

Stereotype: ,

Notes:

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

Relationships

Name Source/Target Notes

Source: *  SAFEPackagtoplLevelPackage
Target: 0..1 SAFE

Element "SAFEElement"

ParentPackage: TopLevel

Stereotype: ,

Notes:

This class serves as a base class for all SAFE class that represent something (i.e. notdleskhical

Attributes
PK | Name Type Not Unique |Len |Pre |Scale Init Notes
Null c
name String Optional descriptiv
name of the
SAFEElement, thi
name does not ha
the length

Identfiable

restrictions as foun
for the AUTOSAR

shortName.
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Relationships

Name Source/Target Notes
Source: SafetyCaseExpression
Target: SAFEElement
Source: SafetyExtension
Target: SAFEElement
Source: TraceableSpecification
Target: SAFEElement
Source: SAFEElement
Target: PackageableElement

Element "SAFEPackage"

ParentPackage: TopLevel
Stereotype: ,
Notes:

Used for organization of the packageable elements in the model.

Semantics:

SAFEPackages can be organized hierarchicaljnere each level may contain a number of
SAFEPackageableElements.

Relationships

Name Source/Target Notes
Source: SAFEPackage
Target: Identifiable

Source: *  PackageableElemeatement
Target: 0..1 SAFEPackage
Source: *  SAFEPackagtoplLevelPackage

Target: 0..1 SAFE
Source: 0..1 SAFEPa&kage
Target: 0..* SAFEPackagsubPackage

Element "SafetyCaseExpression”
ParentPackage: TopLevel
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Stereotype: ,
Notes:

Provide information like justification or explanation on a specific element in safety case.

Attributes
PK |Name Type Not Unique Len |Pre | Scale|Init Notes
Null c

elementType SafeEle
mentTy

pe

Relationships
Name Source/Target Notes

Source: SafetyCaseExpression
Target: SAFEElement

Source: SafetyCaseExpression

Target: 0..* SafetyCaseExpressi@upportedBy

Source: SafetyCaseExpression
Target: 0..* SafetyCaseExpressiomContextOf

Element "Identifiable"
ParentPackage: TopLevel

Stereotype: ,
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 significatdlyhe overall structure of an
AUTOSAR description. In particular, Identifiables might contain Identifiables.

Attributes
PK |Name Type Not Unique|Len |Pre |Scale|Init Notes
Null c

category Identifie 0 0 0 This element assigt
r a category to th
parent element. Th
category is intende
to specialize th
usage and/or th
content identifiablé¢
object.  Such

specialization ma
also impos¢
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particular semanti
constraints on th
entire  substructur
(not only the
identifiable itself).

uuid

String

The purpose of thi
attribute is to provid
a globally uniqué
identifier for an
instance of i
metaclass. Th
values of  thig
attribute should b
globally unique
strings prefixed b
the type of identifier
For example, t
include a

DCE UUID as
defined by The Ope
Group, the UUIC
would be precede
by "DCE:". The
values of  thig
attribute may be use
to support mergin
of different
AUTOSAR models.

The form of the
UUID (Universally
Unique Identifier) ig
taken from F
standard defined [
theOpen Group (wa
Open Softwarg
Foundation).  Thi
standard is widel
used, including b
Microsoft for COM
(GUIDs) and by
many companies f¢
DCE, which is base
on CORBA. The
method for
generating thes
128bit IDs is
published in the
standard and th
effeciveness an
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uniqueness of th
IDs is not in practic
disputed.

If the id namespadg
is omitted, DCE i
assumed.

An  example g
"DCE:2fac123431f
8-11b4a22208002b
34c003".

Relationships

Name Source/Target Notes
Source: MTEnumElement
Target: Identifiable
Source: ErrorModelPrototype
Target: Identifiable
Source: Identifiable
Target: Referrable
Source: MalfunctionType
Target: Identifiable
Source: HazardousEvent
Target: Identifiable
Source: SAFEPackage
Target: Identifiable
Source: MalfunctionPrototype
Target: Identifiable
Source: Actor.

Target: Identifiable

Source: 1 Restrictable

Target: 1 IdentifiableVariableElement

Source: ErrorModel

Target: Identifiable

Source: AbstractErrorBehavior
Target: Identifiable

Source: PackageableElement
Target: Identifiable
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Name Source/Target Notes
Source: ControllabilityReference
Target: Identifiable
Source: Hazard
Target: Identifiable
Package "Configuration”
Typeof Package Package
ParentPackage: SAFE MetaModel
Notes:
Diagram "Configuration™
Notes:
class Configuration/
Copyright 2013 The SAFE Project
Consortium
Draft version.
Final version planned for March
2014.
Referrable
TopLevel:ldentifiable
+ category :ldentifier [0..1]
+ uuid :String [0..1]
+VariableElement
PackageableElement RSt
Restrictable +resSet
@ expression :String = true
1 0..*
Figure:12
Element "Restrictable"
ParentPackage: Configuration
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Stereotype: ,
Notes:
A RestrictableElement allows connecting SAFE model elements with variant information.

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

Relationships

Name Source/Target Notes
Source: Restrictable
Target: PackageableElement

Source: 1 Restrictable
Target: 1 IdentifiableVariableElement

Source: 0..* RestrictionresSet
Target: 1 Restrictable

Element "Restriction”
ParentPackage: Configuration

Stereotype: ,
Notes:
A Restriction defines an expression that can be evaluated to true or false.

Attributes
PK |Name Type Not Unique Len Pre | Scale|Init Notes
Null c
expression String 0 0 0 true

Relationships

Name Source/Target Notes
Source: 0..* RestrictionresSet
Target: 1 Restrictable

Package "ErrorModel"

Typeof Package Package

ParentPackage: SAFE MetaModel

Notes:
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Diagram "ErrorModel "

Notes:

class ErrorModel /
Copyright 2013 The SAFE Project
Consortium
Draft version.
Final version planned for March
2014.
SAFEElement
SafetyExtensions::SafetyExtension
+errorModel
0.1
Identifiable
ErrorModel
+ype +behavior +mapping
0.* 0.* 0.*
TraceableSpecification \dentifiable ErrorModelMapping
catpTypeé +erorModel ErrorBehavior:
ErrorModelType::ErrorModelType A AbstractErrorBehavior
+ genericDescription :String = NA
T T
T M ; ]
+type : :
| |
| |
+internalFault| * *| +processFault | :
+externalFault \dentifiable : |
ﬂ”m* catpPrototy} | :
+part +faultFailureConnector Malfunction ionPrototype +origin cinstance F}e feé
. —_————————— < T === |
+ genericDescription :Strin,
+isofype - CSTRHCReS PUCHESHRY ! sarget !
i +causel e cinstaneeRek e
(et ErrorModelType:: [ ————~— ———— = X Ef
catpProt FaultFailurePropagationLink ¢instanceRejyje
ErrorModelType:: +effect +isOfType
ErrorModelPrototype |~ o -————————————
¢cinstanceRejlke
+malfunction
1 0..*
+malfunctionionTarget
Identifiable
catpTypee
Malfunction::MalfunctionType

Figure:13

Element "ErrorModel"
ParentPackage: ErrorModel

Stereotype: ,

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

Relationships

Name Source/Target Notes

Source: 0..* ErrorModelMappingnapping

Target: ErrorModel

Source: 0..* AbstractErrorBehaviobehavior an arbitrary

Target: ErrorModel ”“mb‘?r of erro
behaviors

Source: ErrorModel

Target: Identifiable

Source: 0..* ErrorModelTypetype an arbitrary

Target: ErrorModel number ‘of ermo
model types

Source: 0..* MalfunctionTypemalfunction an arbitrary

Target: ErrorModel number . of
malfunction types

Source: 0..1 ErrorModelerroModel An error mode

Target: SafetyExtension associated wit
the respectiv
safety extensior
The error mode
is valid in the
context of this
safety extension.

Element "ErrorModelMapping"

ParentPackage: ErrorModel
Stereotype: ,
Notes:

Via the class ErrorModelMapping it is possible to nmaglfunctions of one abstraction level (e.g. EAST
ADL implementation level) to another level of abstraction (e.g. EAST ADL analysis
level). This way the correlation between different levels of abstraction can be made
explicit.

The ErrorModelMapping shallebattached to the "lower" level of abstraction. Example:

1 a malfunction defined for a software component (implementation level) shall be
related with a malfunction defined on design level
1 in this case, (at least) two instances of SafetyExtensions (Te@ualieBlExtension,

AutosarSystemSafetyExtension) exist. In each of them an ErrorModelType is defined
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containing the before mentioned malfunctions

1 in the AutosarSystemSafetyExtension, we define an ErrorModelMapping and relate
the software malfunction (in threle of "origin") to the malfunction defined within the

TechnicalSafetyExtension (in the role "target")

Thus, the following rules shall be applied:

1 the MalfunctionPrototype referenced via the "origin" relationship shall be defined

within the samé&afetyExtension as an instance of this class

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

Relationships

Name Source/Target Notes
Source: ErrorModelMapping
Target: 0..* MalfunctionPrototypdarget
Source: 0..* ErrorModelMappingnapping
Target: ErrorModel
Source: 1  MalfunctioninstanceRedrigin
Target: ErrorModelMapping
Source: 1  MalfunctioninstanceRefrget
Target: ErrorModelMapping
Source: ErrorModelMapping
Target: 1  MalfunctionPrototypeorigin

Package "ErrorBehavior"

Typeof Package Package
ParentPackage: ErrorModel
Notes:

Diagram "ErrorBehavior "
Notes:

Diagram for ErrorBehavior.
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class ErrorBehavior /

Copyright 2013 The SAFE Project
Consortium

Draft version.
Final version planned for March
2014.

TraceableSpecification Identifiable

catpTypeé +errorModel AbstractErrorBehavior

ErrorModelType::ErrorModelType

1

+ genericDescription :String = NA

¢ ¢ ¢ ¢ A\ A

¢genumera
ErrorBehaviorKind
HIP_HOPS
ALTARICA
AADL
OTHER
+externalFailure
+externalFault +intemalFault  +processFault
Nativ eErrorBehavior
Identifiable
catpPrototypeé +extemalFault + failureLogic :String [0..1] EastADLErrorBehavior
Malfunction::MalfunctionPrototype + type :ErorBehaviorkind
+ genericDescription :String +extemalFailure ’
1.
0.1 0.1 0.1 0.1
+processFault +intemalFault +extemalFault +externalFailure
AtpFormulaExpressionString
catpMi xedStringeée +ormula
FailureLogicFormula
1

Element "AbstractErrorBehavior"

ParentPackage: ErrorBehavior
Stereotype: ,
Notes:

This class contains information about the error behavior independent of concrete behavior 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 represents a flaw introduced dudiesign, 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.
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Each error behavior description relates the occurrences of internal faaiitscaming 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 behavior describes the erppopagation 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 externalFault associations. The
propagated external failures are identified by the externalFailure association.

Relationships

Name Source/Target Notes
Source: EastADLErrorBehaviar
Target: AbstractErrorBehavior
Source: *  MalfunctionPrototypgrocessFault processFaults th
Target: AbstractErrorBehavior may affecj[ thy
ErrorBehavior o
the architecturz
element
associated via th
ErrorModelType
Source: NativeErrorBehaviar
Target: AbstractErrorBehavior
Source: AbstractErrorBehavior
Target: 1  ErrorModelTypeerrorModel
Source: 0..* AbstractErrorBehaviobehavior an arbitrary
Target: ErrorModel numbe_,'r of erro
behaviors
Source: *  MalfunctionPrototypenternalFault internalFaults the
Target: AbstractErrorBehavior may affec.t thy
ErrorBehavior o
the architecturz
element
associated via th
ErrorModelType
Source: AbstractErrorBehavior
Target: Identifiable
Element "EastADLErrorBehavior"
ParentPackage: ErrorBehavior
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Stereotype: ,
Notes:

EASTADLErrorBehavior specifies a concrete failure logic description langwadeh 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 "foamsdelation )

Relationships

Name Source/Target Notes
Source: EastADLErrorBehaviar
Target: AbstractErrorBehavior
Source: 1  FailureLogicFormuldormula Failure logic use
Target: EastADLErrorBehaviar Lorro;jgfggggeatigﬁ

Element "ErrorBehaviorKind"

ParentPackage: ErrorBehavior
Stereotype: «enumerationy
Notes:

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

Semantics:

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

Extension:

Enumeration, no extension.

Attributes
PK |Name Type Not Unique Len Pre | Scale|Init Notes
Null c
HIP_HOPS 0 0 0 A specification of

error behavior
according to th
external formalisn
HiP-HOPS.
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ALTARICA 0 0 0 A specification of
error behavio
according to th
external formalisn
ALTARICA.

AADL 0 0 0 A specification of
error behavio
according to th
external formalisn
AADL.

OTHER 0 0 0 A specification of
error behavio
according to othe
user define(
formalism.

Element "FailureLogicFormula"

ParentPackage: ErrorBehavior
Stereotype: «atpMixedStringy
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.

Relationships

Name Source/Target Notes
Source: FailureLogicFormula external failure
Target: 0..1 MalfunctionPrototypeexternalFailure that ‘may resu
from the
ErrorBehavior
Source: FailureLogicFormula processFaults th
) . influence the
Target: 0..1 MalfunctionPrototypgrocessFault errorBehavior
Source: FailureLogicFormula internalFaultghat
Target: 0..1 MalfunctionPrototypenternalFault influence : the
errorBehavior
Source: FailureLogicFormula
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Name Source/Target Notes
Target: AtpFormulaExpressionString
Source: FailureLogicFormula external(incomin
Target: 0..1 MalfunctionPrototypeexternalFault _g) faults — tha
influence the
errorBehavior.
Source: 1  FailureLogicFormuldormula Failure logic use

to describe th

Target: EastADLErrorBehaviar .
error propagatior

Element "NativeErrorBehavior"
ParentPackage: ErrorBehavior

Stereotype: ,
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 akraferencing 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 a@l failure propagation logic.

Extension:
UML:Behavior

Attributes
PK |Name Type Not Unique Len Pre |Scale|Init Notes
Null c
failureLogic String 0 0 0 The specification @
error behavior base
on an  externg
formalism or the
path to the filg
containing the
external
specification.
type ErrorBe 0 0 0 The type ol
haviorK formalism  appliec
ind for the error behavic
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description.
Relationships
Name Source/Target Notes
Source: NativeErrorBehaviar
Target: AbstractErrorBehavior
Source: NativeErorBehavior external failure

Target: 1..* MalfunctionPrototypeexternalFailure

that may resu
from the
ErrorBehavior

Source: NativeErrorBehaviar

Target: *  MalfunctionPrototypeexternalFault

external(incomin
g) faults tha
influence the
errorBehavior.

Package "ErrorModelType"

Typeof Package Package
ParentPackage: ErrorModel
Notes:

Diagram "ErrorModelPrototype "

Notes:

class ErrorModelPrototype /

Identifiable

catpProt
ErrorModelPrototype

‘F

Copyright 2013 The SAFE Project
Consortium

Draft version.
Final version planned for March
2014.

EMPFunction EMPSw Component EMPBsw Module

1
|
|
|
Gi nlstanceRefé

+functi0nTarget\l/0..l +swcTarget| 1 +bswTarget| 1

EMPHw Component

1
|
|
|
Gi nlstanceRefé

+tharget\l/ 1

AutosarReference

AUTOSARReferences::
ComponentinCompositioninstanceRef

EastAdIReference

EASTADLReferences::
FunctionPrototype

AUTOSARReferences::
Bsw ModuleDescription

AutosarReference

HardwareComponentPrototype

EastAdIReference
EASTADLReferences::

Figure:15
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Diagram "ErrorModelType "

Notes:

The EASTADL metaclasses fadefining the error model structure.

class ErrorModelType /
Copyright 2013 The SAFE Project
Consortium
Draft version.
Final version planned for March
2014.
+externalFault dentifiabl
R iR AllocationTarget
+externalFailure catpPrototyf |+istmalfunction Identifiable
+| Malfunction::MalfunctionPrototy pe
¢gatpTy
+part dentifiable + genericDescription :String M’;’:i!t‘“ﬂ?:'nogj;n
+isOfType catpProtot
ErrorModelPrototype +cause/|\ 1 +effectA 1
| |
| |
1 I I
¢instancecginstanceRef e
‘ 0 +type\|/1 | |
TraceableSpecification : :
catpTypeée .
ErrorModelType +faultFailureConnector FaultFailurePropagationLink
+ genericDescription :String = NA| 1 *| + immediatePropagation :Boolean = true
EMTypeFunction EMTypeHw Component EMTypeSw Component EMTypeBsw Module
+scope (1 +scope|1 +scope| 1
EastAdIReference AutosarReference AutosarReference
EASTADLReferences:: AUTOSARReferences:: AUTOSARReferences::
HardwareComponentType Sw ComponentType Bsw ModuleDescription
Figure:16
n n
Element "EMPBswModule
ParentPackage: ErrorModelType
Stereotype: ,
Notes:
Error model prototype specified for a concrete bsw software module.
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Relationships

Name

Source/Target

Notes

Source: 1  BswModuleDescriptiotoswTarget

The target basi
software module

Target: EMPBswModule
Source: EMPBswModule
Target: ErrorModelPrototype

Element "EMPFunction"

ParentPackage:

Stereotype:

Notes:

ErrorModelType

Error model prototype specified for a concrete function instance.

Relationships

Target: 0..1 FunctionPrototypdunctionTarget

Name Source/Target Notes
Source: 0.1A nominal
ErrorModelPrototype_functionTargkinctionTarget function instanc
Target: EMPFunction as farget of th
related erro
model prototype.
Source: EMPFunction the targe

function instance

Source: EMPFunction
Target: ErrorModelPrototype

Element "EMPHwComponent"

ParentPackage:

Stereotype:

Notes:

ErrorModelType

Error model prototype specified for a concrete hardware component instance.

Relationships

Name

Source/Target

Notes

Source: *  ErrorModelPrototype_hwTargétwTarget

A nominal
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Name Source/Target Notes
Target: EMPHwComponent hardware
component

instance as targ
of the error mode

protoype.
Source: EMPHwComponent
Target: 1 HardwareComponentPrototypeTarget
Source: EMPHwComponent
Target: ErrorModelPrototype
Element "EMPReference"
ParentPackage: ErrorModelType
Stereotype: ,
Notes:
Element "EMPSwComponent"
ParentPackage: ErrorModelType
Stereotype: ,
Notes:
Error model prototype specified for a concrete softveamponent instance.
Relationships
Name Source/Target Notes
Source: EMPSwComponent
Target: ErrorModelPrototype
Source: 1  ComponentinCompositioninstanceReicTarget |the targe
Target: EMPSwComponent igl;;vp\;?);een ¢
instance
Element "EMTypeBswModule"
ParentPackage: ErrorModelType
Stereotype: ,
Notes:
Error model type specified for a concrete basic software module.
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Relationships

Name Source/Target Notes
Source: EMTypeBswModule
Target: ErrorModelType

Source: 1  BswModuleDescriptioscope
Target: EMTypeBswModule

the target basi
software module

Element "EMTypeFunction"
ParentPackage: ErrorModelType

Stereotype: ,
Notes:

Error model type specified for a concrete function.

Relationships

Name Source/Target Notes
Source: EMTypeFunction
Target: ErrorModelType

Element "EMTypeHwComponent"

ParentPackage: ErrorModelType

Stereotype: )

Notes:

Error model type specified fora@ncrete hardware component

Relationships

Name Source/Target Notes
Source: 1  HardwareComponentTypEope the targe
Target: EMTypeHwComponent Egrrg;\g]rgn "
Source: EMTypeHwComponent
Target: ErrorModelType

Element "EMTypeSwComponent"
ParentPackage: ErrorModelType
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Stereotype:

Notes:

Error model type specified for a concrete software component

Relationships

Name Source/Target Notes
Source: 1  SwComponentTypscope the targe
) software
Target: EMTypeSwComponent component
Source: EMTypeSwComponent
Target: ErrorModelType

Element "ErrorModelPrototype"

ParentPackage:

Stereotype:

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 ErrorMag®ksenting a system integrated
from several targets.

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

Semantics:

ErrorModelType
«atpPrototypey

An ErrorModelPrototype represents @ccurrence of the ErrorModelType that types it.

Extension:

(See ADLFunctionPrototype)

Relationships

Name Source/Target Notes
Source: ErrorModelPrototype
Target: Identifiable
Source: ErrorModelPrototypésOfType The
ErrorModelType
a4 2011-2013 The SAFE Consortium 90

(318)




SAFE - an ITEA2 project D3.5.b

Name Source/Target Notes

Target: 1 ErrorModelTypetype that types th
ErrorModelProtot
ype.

Source: EMPSwComponent

Target: ErrorModelPrototype

Source: EMPBswModule

Target: ErrorModelPrototype

Source: EMPHwComponent

Target: ErrorModelPrototype

Source: MalfunctioninstanceRef

Target: 0..* ErrorModelPrototyperrorModelPrototype

Source: 1  ErrorModelType The containe
- error models
Target: ErrorModelPrototypgoart forming a
hierarchy.
Source: EMPFunction
Target: ErrorModelPrototype

Element "ErrorModelType"

ParentPackage: ErrorModelType
Stereotype: «atpType»
Notes:

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 informat@ating to the 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 neéess 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 ErrorModelType without part, a respective error behavior skalkfined in the safety model.
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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 following cases are relevant:

- One nominal type:

TheErrorModelType represents the identified nominal type wherever this nominal type is instantiated.

- Several nominal types:

The ErrorModelType represents the identified nominal types individually, i.e. the same error model applies
to all nominal types ani@d reused.

- One nominal prototype:

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

- Several nominal prototypes with instanceref:

The ErrorModelType represents thientified set of nominal prototypes (together) whenever their context,
i.e. their toplevel composition, is instantiated.

The fault propagation of an errorModelType is defined by its contained parts, the ErrorModelPrototypes
and their connections. In caaa 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 valid propagation paths in the ErrorModelType. theasatained
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)
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Attributes
PK | Name Type Not Unique Len Pre | Scale|Init Notes
Null c
genericDescriptiol String 0 0 0 NA
Relationships
Name Source/Target Notes
Source: 1  ErrorModelType The containe
Target: *  FaultFailurePropagationLinfaultFailureConnectq links for . Interna
propagation 0
faults/failures
between th
subordinateerror
models.
Source: ErrorModelPrototypésOfType The
. ErrorModelType
Target: 1 ErrorModelTypetype that types  th
ErrorModelProtot
ype.
Source: EMTypeBswModule
Target: ErrorModelType
Source: EMTypeFunction
Target: ErrorModelType
Source: AbstractErrorBehavior
Target: 1 ErrorModelTypeerrorModel
Source: EMTypeHwComponent
Target: ErrorModelType
Source: *  MalfunctionPrototypesxternalFault The externa
) faults  affecting
Target: ErrorModelType the prope
execution of the
architectural
element
associated  wit
the error modl
type
Source: ErrorModelType
Target: TraceableSpecification
Source: *  MalfunctionPrototypeexternalFailure The externa
) failures visible a
Target: ErrorModelType the borders of th
architectural
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Name Source/Target Notes
element.
Source: EMTypeSwComponent
Target: ErrorModelType
Source: 0..* ErrorModelTypetype an arbitrary
Target: ErrorModel nmuorggftrypfs erro
Source: 1  ErrorModelType The containe
Target: *  ErrorModelPrototypgpart ?orrrr?]ring mode{l;
hierarchy.

Element "FaultFailurePropagationLink"
ParentPackage: ErrorModelType

Stereotype: ,
Notes:

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

A fault/failure link can only be applied to compatible ports, either for fault/failelegetion within an error
model or for fault/failure transmission across two error models. A
FaultFailurePropagationLink can only connect fault/failures that have 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 MalfunctionType of the effect.

Semantics:

The FaultFailurePropagationLink defines a Failure propagation pathtlioause on one error model to
the effect of another error model.

Extension:
UML::Connector

Attributes

a 2011-2013 The SAFE Consortium 94
(318)



SAFE - an ITEA2 project D3.5.b
PK |Name Type Not Unique Len |Pre | Scale|Init Notes
Null c
immediatePropag| Boolean 0 0 0 true
tion
Relationships
Name Source/Target Notes
Source: 1  ErrorModelType The containe
Target: * FauItFaiIurePropagationLin‘IauItFaiIureConnectoIInkS for interna

propagation 0
faults/failures

between th
subordinate errg
models.

Source: 1  MalfunctioninstanceRedffect
Target: FaultFailurePropagationLink
Source: FaultFailurePropagationLink
Target: 1 MalfunctioninstanceRefause
Source: FaultFailurePropagationLink
Target: 1  MalfunctionPrototypesffect

Source: FaultFailurePropagationLink
Target: 1 MalfunctionPrototypecause

Package "Malfunction”

Typeof Package Package
ParentPackage: ErrorModel
Notes:

Diagram "MalfunctionPrototype "

Notes:
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class MalfunctionPrototype /

Consortium

Draft version.

2014.

Copyright 2013 The SAFE Project

Final version planned for March

ClientServ erOperation

IAUTOSARReferences::VariableDataPrototype

Identifiable AllocationTarget

catpProtot +isOfType +malfunction Identifiable

MalfunctionPrototy pe catpTyp

MalfunctionType
+__genericDescription :Strin
MFPFunctionPort MFPHardwarePin MFPBswPort MFPSwcPort
1 T
| I
| I
| I
| I
(;in;stanceRefé ginlstanceRefé
| |
+functmnTarget\l/0..1 +hwTarget \1/0..1 +bswEntry| 1 paaoReratcn MFPVariable
EastAdIReference EastAdIReference AutosarReference
EASTADLReferences:: EASTADLReferences:: AUTOSARReferences::
FunctionPort HardwarePin BswModuleEntry
+operation | 1
+variable| 1
AutosarR
AUTOSARReferences:: AutosarReference

Diagram "MalfunctionType "

Notes:
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class MalfunctionType /

AllocationTarget

MalfunctionType

Identifiable
catpTy

Copyright 2013 The SAFE Project

Consortium

Draft version.

Final version planned for March

2014.

]

Element "MFPBswPort"

ParentPackage:

Stereotype: ,

Notes:

MTGeneral MTEnum Identifiable
element
‘ catpFea
1 MTEnumElement
Figure:18

Malfunction

The MalfunctionPrototype pointing to a basic software module entry

Relationships

Name Source/Target Notes
Source: MFPBswPort
Target: MalfunctionPrototype
Source: 1  BswModuleEntrybswEntry the target bsy
Target: MFPBswPort module entry

Element "MFPFunctionPort"

ParentPackage:

Stereotype: ,

Notes:

Malfunction

The MalfunctionPrototype pointing to a function port instance

Relationships

Name

Source/Target

Notes

a 2011-2013 The SAFE Consortium

(318)

97




SAFE - an ITEA2 project

D3.5.b

Name Source/Target Notes
Source: MFPFunctionPort
Target: 0..1 FunctionPorfunctionTarget
Source: MFPFunctionPort
Target: MalfunctionPrototype
Source: 0..1 FaultFailurePort_functionTargéinctionTarget |A nominal
Target: MFPFunctionPort functlon port
instance as targ
of the
malfunction
prototype.
Element "MFPHardwarePin"
ParentPackage: Malfunction
Stereotype: ,
Notes:
The MalfunctionPrototype pointing to a HardwarPin instance
Relationships
Name Source/Target Notes

Source: *  FaultFailurePort_hwTargétwTarget

A nominal HW
pin instance a

Target: MFPHardwarePin target  of  the
malfunction
prototype.

Source: MFPHardwarePin

Target: MalfunctionPototype

Source: MFPHardwarePin

Target: 0..1 HardwarePithwTarget

Element "MFPOperation”

ParentPackage: Malfunction

Stereotype: ,

Notes:

The MalfunctionPrototype pointing to an AUTOSAR operation instance

Relationships
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Name Source/Target Notes
Source: MFPOperation
Target: MFPSwcPort
Source: 1  ClientServerOperatioaperation the targe
Target: MFPOperation 8?;3382
instance
Element "MFPSwcPort"
ParentPackage: Malfunction
Stereotype: ,
Notes:
Relationships
Name Source/Target Notes
Source: MFPSwcPort
Target: MalfunctionPrototype
Source: MFPOperation
Target: MFPSwcPort
Source: MFPVariable
Target: MFPSwcPort
Element "MFPVariable"
ParentPackage: Malfunction
Stereotype: ,
Notes:
The MalfunctionPrototype pointing to an AUTOSAR variable instance
Relationships
Name Source/Target Notes
Source: 1 VariableDataPrototypeariable the target variabl
Target: MFPVariable :I:]asttznceprOtOtypl
Source: MFPVariable
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Name Source/Target Notes
Target: MFPSwcPort

Element "MTEnum"
ParentPackage: Malfunction

Stereotype: ,
Notes:

This enumeration malfunction type allows to define the different ways, how the malfunction becomes
visible. As a typical examplgn enumeration could have the enumerations "comission"
and "omission".

BrakeMalfunctionType:

- BrakePressureToolLow

Semantics="brake pressure is below 20% of requested value"

- Omission

Semantics="brake pressure is below 10% of maximal brake pressure"

- Comission

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

Semantics may also be a more formal expression defining in the type of the nominal datatype what value
range is considered a fault. This depemdshe user and tooling available.

Relationships

Name Source/Target Notes
Source: MTEnum
Target: MalfunctionType
element Source: 1..* MTEnumElement elements of th
Target: MTEnum ;nnalzfrlrj]nction type
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Element "MTEnumElement"

ParentPackage: Malfunction
Stereotype: «atpFeature»
Notes:

Relationships

Name Source/Target Notes
Source: MTEnumElement
Target: Identifiable

element Source: 1.* MTEnumElement elements of th
Target: MTEnum rennaljfrl:]nction type

Element "MTGeneral"
ParentPackage: Malfunction

Stereotype: )
Notes:

General description of a malfunction. The description field of the derived Identifiable class shall be used to describe
the malfunction.

Relationships

Name Source/Target Notes
Source: MTGeneral
Target: MalfunctionType

Element "MalfunctionPrototype”

ParentPackage: Malfunction
Stereotype: «atpPrototypey
Notes:

A malfunction is a failure or unintended behavior of the item or element 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 MalfunctionPrototype may represent different errors dependiitg) on
type (enumeration of generic description).

Semantics:
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An malfunction prototype refers to a condition that deviates from expectations based on requirements
specifications, design documents, user documents, standards, etc., or from someone's
perceptios 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 abstract class further specialized with metaclasses for

different types of fault/failure.

Extension:
(UML::Part)
Attributes
PK |Name Type Not Unique Len Pre | Scale|Init Notes
Null c
genericDescriptiol String 0 0 0 A description of the
MalfunctionPrototyp
e
Relationships
Name Source/Target Notes
Source: Hazard
Target: 1  MalfunctionPrototypenalfunction
Source: FailureLogicFormula external failure
Target: 0..1 MalfunctionPrototypeexternalFdure that may resu
from the
ErrorBehavior
Source: *  MalfunctionPrototypgrocessFault processFaults th
Target: AbstractErrorBehavior may affecf[ ths
ErrorBehavior o
the architecture
element
associated via th
ErrorModelType
Source: ErrorModelMapping
Target: 0..* MalfunctionPrototypgarget
Source: FailureLogicFormula processFaults th
) . influence the
Target: 0..1 MalfunctionPrototypgrocessFault errorBehavior
Source: MFPFunctionPort
Target: MalfunctionPrototype
Source: 0..1 HardwareFailureAnalysis
Target: 1  MalfunctionPrototypemalfunctionAnalysis
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Name Source/Target Notes

Source: MFPSwcPort

Target: MalfunctionPrototype

Source: MFPHardwarePin

Target: MalfunctionPrototype

Source: MalfunctionPrototype

Target: Identifiable

Source: 0..1 HWPartFailureAnalysis

Target: 1  MalfunctionPrototypemalfunctionPartAnalysis

Source: *  MalfunctionPrototypeexternalFault The externa

. faults  affecting

Target: ErrorModelType the prope
execution of the
archiectural
element
associated  wit
the error mode
type

Source: MFPBswPort

Target: MalfunctionPrototype

Source: *  MalfunctionPrototypexternalFailure The externa

] failures visible a

Target: ErrorModelType the borders of th
architectural
element.

Source: FailureLogicFormula internalFaults the

Target: 0..1 MalfunctionPrototypénternalFault influence . the
errorBehavior

Source: MalfunctioninstanceRef

Target: 1  MalfunctionPrototypemalfuncton

Source: *  MalfunctionPrototypénternalFault internalFaults the

Target: AbstractErrorBehavior may affecf[ ths
ErrorBehavior o
the architecturg
element
associated via th
ErrorModelType

Source: NativeErrorBehaviar external failure

Target: 1..* MalfunctionPrototypeexternalFailure that - may resu
from the
ErrorBehavior
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Name Source/Target Notes

Source: MalfunctionPrototypesOfType The type of the

Target: 1  MalfunctionTypemalfunction malfunction
prototype. It
describes how th
malfunction
prototype
becomes visible.

Source: NativeErrorBehaviar external(incomin

Target: *  MalfunctionPrototypeexternalFault 9) faults  tha
influence the
errorBehavior.

Source: FailureLogicFormula external(incomin

Target: 0..1 MalfunctionPrototypexternalFault _g) faults  tha
influence the
errorBehavior.

Source: FaultFailurePropagationLink
Target: 1  MalfunctionPrototypesffect

Source: FaultFailurePropagationLink

Target: 1 MalfunctionPrototypecause

Source: ErrorModelMapping
Target: 1  MalfunctionPrototypeorigin

Element "MalfunctionType"

ParentPackage: Malfunction
Stereotype: «atpType»
Notes:

A MalfunctionType describes how a malfunction becomes vislerently, it can either be a generic description of a
malfunction or an enumeration of different "appearance" possibilities.

Relationships

Name Source/Target Notes
Source: MalfunctionType
Target: Identifiable
Source: MalfunctionType
Target: AllocationTarget
Source: MTEnum
Target: MalfunctionType
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Name Source/Target Notes
Source: MTGeneral
Target: MalfunctionType
Source: MalfunctionPrototypesOfType The type of the

Target: 1  MalfunctionTypemalfunction

malfunction
prototype.

malfunction
prototype

describes how th

becomes visible.

It

Source: HWFailureMode

Target: MalfunctionType

Source: 0..* MalfunctionTypemalfunction

Target: ErrorModel

number

an arbitrary

malfunction types

ol

Package " _instanceRef"

Typeof Package Package
ParentPackage: ErrorModel
Notes:

Diagram "EMPFunction functionTarget"

Notes:

Diagram for ErrorModelPrototype.

class EMPFunction_functionTarget/

Copyright 2013 The SAFE Project
Consortium

Draft version.
Final version planned for March
2014.

ErrorModelPrototype

+functionTarget
ErrorModelType::EMPFunction ————————_____________________________ig

¢instanceRef e 0.1

EastAdIReference

EASTADLReferences::
FunctionPrototype

¢instanceRef +context
ErrorModelPrototype_functionTarget

+functionTarget

GCinstanceRef*

0.1
+target

¢instanceRe{|.

contexte

targete
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Figure:19
H n 1
Diagram "EMPHwComponent hwTarget
Notes:
class EMPHwComponentitharget/
Copyright 2013 The SAFE Project
Consortium
Draft version.
Final version planned for March
2014.
ErrorModelPrototype EastAdIReference
ErrorModelType::EMPHw Component| _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ o ________ TV_VTfrg EASTADLReferences::
cinstanceRef e 1| HardwareComponentPrototype

¢i nstanceR¢ +context

>
+hwTarget | ErrorModelPrototype_hw Target cinstanceRefpodontext e

‘ *
+target
e , .
¢cinstanceRef gt arget e
Figure:20

Diagram "ErrorModelMapping "
Notes:
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class ErrorModelMapping /

ErrorModel::ErrorModelMapping

+origin

GCi nstanau'jY

Copyright 2013 The SAFE Project

Consortium

Draft version.

Final version planned for March

2014.

Identifiable

catpPrototypee
Malfunction::MalfunctionPrototy pe

e peé\erchescnptmn :String

+malfunction 1

¢cinstanceRef .

targete

+errorMode

¢cinstanceRef e
+origin MalfunctioninstanceRef
o
1
+target
1

Identifiable

catpProt
ErrorModelType::
ErrorModelPrototype

IPrototype/[\ 0.*

cinstanceRef

.cont

Diagram "FaultFailurePropagationLink "

Notes:

Diagram for FaultFailurePropagationLink.
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class FaultFailurePropagationLink /

ErrorModelType::
FaultFailurePropagationLink

+ immediatePropagation :Boolean = true

cinstancy

+effect

Ginstanc

Copyright 2013 The SAFE Project
Consortium

Draft version.
Final version planned for March
2014.

Identifiable

Ref e catpPrototypeé
Malfunction::MalfunctionPrototy pe

R egenericDescription :String

+malfunction 1

¢cinstanceRef .

t ar get e|ErrorModelPrototype

Identifiable

catpProt
ErrorModelType::

+err0rModeIPrototypeq\ 0.*

cinstanceRef.co

n

Figure: 22

Diagram "MFEPFunctionPort_functionTarget"

Notes:
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class MFPFunctionPort_functionTarget/

Copyright 2013 The SAFE Project
Consortium

Draft version.
Final version planned for March

2014.
MalfunctionPrototype ginstanceRe EastAdIReference
Malfunction::MFPFunctionPort +unctionTarget FaultFailurePort_functionTarget +context| EASTADL References::
gt ) Funct{'onPrqtoéype
01 ¢instanceRef*x contex

ci nstanceRef.targete
+target| 1

EastAdIReference

EASTADLReferences::
+functionTarget FunctionPort

¢instancgp. 1yef e

Figure:23
Diagram "MEPHardwarePin _hwTarget"
Notes:
class MFPHardwarePin_tharget/
MalfunctionPrototype X A =
S . ¢instance
Malfunction::MFPHardw arePin +hwTarget| FaultFailurePort_hwTarget Copyright 2013 The SAFE Project
g * Consortium
Draft version.
Final version planned for March
2014.
¢instanceRef.targete
+target| 1
EastAdIReference
______ T‘ﬁTfr_Et EASTADLReferences::
cinstancelRef & HardwarePin
0.1
Figure:24
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Element "ErrorModelPrototype_functionTarget

ParentPackage: _instanceRef
Stereotype: «instanceRef»
Notes:

Relationships

Name Source/Target Notes
Source: 0..1/A nominal
ErrorModelPrototype_functionTargkinctionTarget function instanc
Target: EMPFunction as target of th

related erro
model prototype.

Source: 1  FunctionPrototypgarget
Target: ErrorModelPrototype_functionTarget

Source: 0..* FunctionPrototypeontext
Target: ErrorModelPrototype_functionTarget

Element "ErrorModelPrototype _hwTarget"

ParentPackage: _instanceRef
Stereotype: «instanceRefy»
Notes:

Relationships

Name Source/Target Notes
Source: *  ErrorModelPrototype_hwTargbwTarget A nominal
Target: EMPHwComponent hardware
component

instance as targ
of the error mode

protoype.
Source: 1  HardwareComponentPrototyperget
Target: ErrorModelPrototype _hwTarget
Source: 0..* HardwareComponentPrototypentext
Target: ErrorModelPrototype _hwTarget
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Element "FaultFailurePort_functionTarget

ParentPackage:
Stereotype:

Notes:

Relationships

_instanceRef

«instanceRef»

Name Source/Target Notes
Source: 0..* FunctionPrototypeontext
Target: FaultFailurePort_functionTarget
Saurce: 0..1 FaultFailurePort_functionTargéinctionTarget |A nominal
Target: MFPFunctionPort functlon port
instance as targ
of the
malfunction
prototype.
Source: 1  FunctionPortarget
Target: FaultFailurePort_functionTarget
Element "FaultFailurePort_hwTarget"
ParentPackage: _instanceRef
Stereotype: «instanceRefy»
Notes:
Relationships
Name Source/Target Notes

Source: 1  HardwarePirtarget
Target: FaultFailurePort_hwTarget

Source: *  FaultFailurePort_hwTargétwTarget

A nominal HW
pin instance a

Target: MFPHardwarePin target  of  the
malfunction
prototype.

Element "MalfunctioninstanceRef"
ParentPackage: _instanceRef
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Stereotype: «instanceRef»

Notes:

Relationships
Name Source/Target Notes

Source: 1  MalfunctionlnstanceRedffect
Target: FaultFailurePropagationLink

Source: FaultFailurePropagationLink

Target: 1 MalfunctioninstanceRefause

Source: 1  MalfunctioninstanceRedrigin
Target: ErrorModelMapping

Source: MalfunctioninstanceRef

Target: 1  MalfunctionPrototypenalfunction

Source: 1  MalfunctioninstanceRefrget
Target: ErrorModelMapping

Source: MalfunctioninstanceRef

Target: 0..* ErrorModelPrototyperrorModelPrototype

Package "Hardware"

Typeof Package Package
ParentPackage: SAFE MetaModel
Notes:

This package describes the 4epel package for all meta model extensiegarding hardware, developed
in WT 3.2.2.

Package "FailureFormula"

Typeof Package Package
ParentPackage: Hardware
Notes:

This subpackagecontains all equations necessary for the evaluation of the hardware architecture.

Diagram "FailureFormula"

Notes:
This diagram shows all formula expressions required for the evaluation of the reatalaitecture, all
derived from the class AtpFormulaExpressionString.
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AtpFormulaExpressionString is derived from AUTOSAR AtpMixedString used to describe calculation
formula.

class FailureFormula

Copyright 2013 The SAFE Project
Consortium

Draft version.
Final version planned for March
2014.

HWLambdaPartFormula

catpMi xedSt /

FormulaExpression::

AtpFormulaExpressionString <}\
HWFailureClassContributionFormula

HWFMSingleContributionFormula HWLatentFaultMetricFormula HWPMHEFormula

HWSinglePointFaultMetricFormula

Figure:25

Element "HWFMSingleContributionFormula"
ParentPackage: FailureFormula

Stereotype: ,
Notes:

This class describes the individual contribution of an HWFailureMode of a HWComponent to
ResidualFaultSinglePointFault or Multiple Fault Latent (in FIT). It is assumed that the
HWHFailureMode lead to the top level malfunction (link to violation of a SafetyGoal) given
by the relation to HWFault connected to a malfunction.

The formula expression shall be gach FailureMode of a safetglated HwComponent (part of the item).

SinglePointFault represents a first order fault, while DualPointFault

lambdaSafetyComponent = Value(HWFailureRate)

SafetyComponentName = HardwareComponent Class name // to allow detiéigie counting of
lambdaSafetyComponent

If (HWFault == SafeFault)
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lambdaSafeFault(HWFMSingleContribution) =
[Value(HWFailureRate)*failureRateDistribution(HWFailureMode) ]

Else
lambdaSafeFault(HWFMSingleContribution) = 0
Endif

If (HWFault == Singl€ointFault)

lambdaSinglePointFault(HWFMSingleContribution) =
[Value(HWFailureRate)*failureRateDistribution(HWFailureMode) ]

Else lambdaSinglePointFault(HWFMSingleContribution) = 0
Endif

If (HWFault == DualPointFault)

If (HWSafetyMechanism  covers the  FailureMode) //residual Fault as
HWFailureMode.HWSafetyMechanism = null
lambdaResidualFault(HWFMSingleContribution) = [
VaIue(HWFallureRate)*fallureRateDlstrlbutlon(HWFalIureMode) ] *
[hwDiagnosisCoverageRF(HWSafetyMechanism/100 ]
lambdaMultiplePoitFaultLatent(HWFMSingleContribution) = [  Value(HWFailureRate) *
failureRateDistribution(HWFailureMode) *
hwDiagnosisCoverageRF(HWSafetyMechanism) ] * [ ( 1-
hwDiagnosisCoverageLF(HWSafetyMechanism)/100) ]
Else
lambdaResidualFault(HWFMSingleContribution) =
lambdaMultiplePointFaultLatent(HWFMSingleContribution) = [ Value(HWFailureRate) *
failureRateDistribution(HWFailureMode) ] * Other Component Failure Rate
Endif

Notes that value(HWFailureRate) ardilureRateDistribution(HWFailureMode) are applied on the
calculated value extracted from electronic design level to perform the final calculation
and verification of the architectural hardware metrics and probabilistic evaluation of
violation of the safy goal. The selection between allocated and calculated value is a tool
feature that allow first a calculation for estimation based on allocation field of failure rate
and distribution, and then verification based on
HWComponentQuantifiedFMFromPartHWPars axtract from Part Analysis gives
directly the lambda of the HWFailiure Mode as HWFailureRate*FailureRateDistribution
thanks to the relation to HWFault.
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Relationships

Name Source/Target Notes

Source: HWFMSingleContributionFormula

Target: 1 HWFailureModefailureRateDistribution

Source: 1
HWFMSingleContributionFormulawFMSCLambdaValu

Target: HWFMSingleContribtion.

Source: HWFMSingleContributionFormula

Target: 1 HWFaulthwFaultTypeValue

Source: HWFMSingleContributionFormula

Target: 1 HWFailureRatehwFailureRateValue

Source: HWFMSingleContributionFormula

Target: AtpFormulaExpressionString

Element "HWFailureClassContributionFormula"
ParentPackage: FailureFormula

Stereotype: ,
Notes:

This class describes the calculation of the diagnostic coverage of a HWElement (from HWComponent) for
the Failure Rate Class method (in %) as ratio dfallt coverage of the HW Component
(safe fault, singlgoint fault and residual fault) and the calculation of the element
FailureRateClass defined by its failure rate.

The formula expression shall be calculated for each FailureMode of asdédted Hw@mponent (part of
the item).

HW Element Failure Rate Class = Failure Class (safdfted failure rate component)

HW Element Residual Diagnostic Coverage = 10@8tal (single point faults failure rate + residual faults
failure rate) /safety relatedifare rate component

HW Element Latent Diagnostic Coverage = 100#al(multiple fault latent) / ((safety related failure rate
component} total (single point faults failure rate + residual faults failure rate))

The formula expression shall be for kdhke top level malfunction (link to violation of the SafetyGoal).

HWElementFailureRateClass(HWElementFailureClass) =
HWValueRateClassEnum(LambdaSafetyComponent )

HWElementFailureRateClass(HWElementResidualDiagnosisCoverage) = {- 1 ( Sum
(lambdaSingleBintFault(HWFMSingleContribution) +
lambdaResidualFault(HWFMSingleContribution) ) / LambdaSafetyComponent ] } * 100
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HWElementFailureRateClass(HWElementLatentDiagnosisCoverage) = { -1 [ Sum
(lambdaMultipleFaultLatent(HWFMSingleContribution) / [ LambdaSafetyComponent
Sum ( lambdaSinglePointFault(HWFMSingleContribution) +

lambdaResidualFault(HWFMSingleContribution)] ]} * 100

Note that Value(hwElementDiagnosisCoverage) is applied on estimatedValue from electronic design
level to perform the final calculation and verification of the individual HWElement
FailureRateClass and ElementDiagnosisCoverage. The selbetiween calculated and
estimated value is a tool feature that allow first a calculation for estimation based on
allocation field of failure rate. Only safetglated component are considered and
LambdaSafetyComponent is only counted once for a HWElemg@hentical
safetyComponentClassName).

Relationships

Name Source/Target Notes

Source: HWHFailureClassContributionFormula

Target: AtpFormulaExpressionString

Source: 1
HWHFailureClassContributionFormulavEFRChwElement

Value
Target: HWElementFailureRateClass
Source: HWFailureClassContributionFormula

Target: * HWFMSingleContributiodambdaValue

Element "HWLambdaPartFormula"
ParentPackage: FailureFormula
Stereotype: ,

Notes:

This class describes the lambda failure rate contribution of all HWPartFailuredflétledwarePart to a
dedicated HWFailureMode of a HWComponent.

The formula expression shall be for each HWFailureMode of a Safety Related HWComponent (related as
parts of the Iltem) expressed from the different safefgted AUTOSAR HW Element
(part of the item).

lambdaFailureMode = function all HWPartFailureMode [Value(HWPartFailureRate) *
FailureRateDistribution(HWPartFailureMode), AutosarHWelement)

a 2011-2013 The SAFE Consortium 116
(318)



SAFE - an ITEA2 project D3.5.b

Relationships
Name Source/Target Notes

Source: 1  HWLambdaPartFormula
Target: * HWAPartFailureRatbwPartFailureRateValue

Source: HWLambdaPartFormula
Target: AtpFormulaExpressionString
Source: 1
HWLambdaPartFormulawCQFMlambdaFailureModeVa
ue
Target: HWCommpnentQuantifiedFMFromPart

Source: 1 HWLambdaPartFormula
Target: * HWHPartFailureModdailureRateDistributionValue

Element "HWLatentFaultMetricFormula"
ParentPackage: FailureFormula

Stereotype: ,
Notes:

This class describes the latent fault metric (in %) as ratio of impact of latent faults for a top level
malfunction (link to violation of a SafetyGoal) .

Latent metric = 100%- total (multiple-point faults latent failure rate) /( total (safeglated
HWComponent failure rate)total (singlepoint faults failure rate + residual faults failure
rate))

The formula expression shall be for each SafetyGoal:

Value( MultipleLatentFaultMetric= {1 -[ Sum (lambdaMultipleFaultLatent(FMSingleContribution) /
Sum(LambdaSafetyComponentpum ( lambdaSinglePointFault(FMSingleContribution)
+ lambdaResidualFault(FMSingleContribution) 1 ] }* 100

Value(MutiplePointFaultMteric) is applied oestimatedValue from electronic design level for final
calculation and verification of the final latent fault metric. The selection between
calculated and estimated value is a tool feature that allow first a calculation for estimation
based on allocation €id of failure rate and distribution. Only safeglated
HWComponent are considered.

Sum(LambdaSafetyComponent) is only counted once for a HWElement (identical
safetyComponentClassName).
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Relationships

Name Source/Target Notes
Source: HWLatentFaultMetricFormula
Target: * HWFMSingleContributioddlambdaValue
Source: HWLatentFaultMetricFormula
Target: AtpFormulaExpressionString
Source: 1  HWLatentFaultMetricFormuléimCalculatedValue
Target: HWLatentFaultMetric

Element "HWPMHFFormula"

FailureFormula

ParentPackage:

Stereotype:

Notes:

This class describes the individual PMHF (in FIT) as probabilistic evaluation of violation of a top level
malfunction (link to violation of a SafetyGoal).

PMHF = single point faults failure rate + residual faults failure ratetal(safety related faults failure rate
/ 10° * delta) * latent multiple point faults failure rate

The formula expression shall be for each SafetyGoal:

Value(HWPMHF) = [ Sum (lambdaSinglePointFault(HWFMSingleContribution) +
IambdaReS|duaIFauIt(HWFMS|rgl:ontrlbutlon)) ] + [ Sum(LambdaSafetyComponent)
1.109 * exposureTime(HWPMHF) *
lambdaMultiplePointLatent(HWFMSingleContribution) ]

Value(HWPMHF) is applied on calculatedValue extracted from electronic design level for final
calculation and verifigtion of the final PMHF probability. The selection between
calculated and estimated value is a tool feature that allow first a calculation for estimation
based on allocation field of failure rate and distribution. Only Component safety relevant
are considred.

Sum(xxxxValue(xxxxLambdaSafetyComponent) is applied for estimated and calculated, and only counted
once (identical safetyComponentClassName).

Relationships

Name Source/Target Notes
Source: HWPMHFFormula
Target: * HWFMSingleContributioddlambdaValue
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Name Source/Target Notes
Source: HWPMHFFormula
Target: AtpFormulaExpressionString
Source: 1  HWPMHFFormulahwPMHFCalculatedValue
Target: HWPMHF.

Element "HWSinglePointFaultMetricFormula"
ParentPackage: FailureFormula

Stereotype: ,
Notes:

This class describes the thiaglepoint fault metric (in %) as ratio of impact of singleint and residual
faults for a top level malfunction (link to violation of a SafetyGoal).

SPF metric = 100% total (single point faults failure rate + residual faults failure rate) / {etdbty
related HWComponent failure rate)

The formula expression shall be for each SafetyGoal:

Value(SinglePointFaultMetric) = { 2 [ ( Sum (lambdaSinglePointFault(FMSingleContribution) +
lambdaResidualFault(FMSingleContribution) ) / Sum(LambdaSafetyComponent) ] } *
100

Value(SinglePointFaultMetric) is applied on estimatedValue from electroesiga level for final
calculation and verification of the final singp®int fault metric. The selection between
calculated and estimated value is a tool feature that allow first a calculation for estimation
based on allocation field of failure rate andstdbution. Only safetyelated

HWComponent are considered.

Sum(LambdaSafetyComponent) is only counted once for a HWElement (identical
safetyComponentClassName).

Relationships

Name Source/Target Notes
Source: 1
HWSinglePointFaultMetricFormulspfmCalculatedValue
Target: HWSinglePointFaultMetric
Source: HWSinglePointFaultMetricFormula

Target: * HWFMSingleContributiodambdaValue
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Name Source/Target Notes
Source: HWSinglePointFaultMetricFormula
Target: AtpFormulaExpressionString

Package "Failure"

Typeof Package Package
ParentPackage: Hardware
Notes:

This subpackage describes the failure model of the hardware as derived from the requirements of the ISO
26262.

Diagram "EailureAnalysis"
Notes:

This diagram shows an overview of the hardwaseponent failure extension root information where
hardware related failure data and analysis shall be performed.

class FailureAnalysis /

AllocationTarget

TechnicalSafetyExtension::
Hardw areSafetyDesign

Copyright 2013 The SAFE Project
Consortium

Draft version.
Final version planned for March

2014.
+harwdareSafetyAnalysis| 0..* Identifiable
. . atpProtot
Hardw areFailureAnalysis +malfunctionAnalysis gMaIquction::
0.1 1 MalfunctionPrototy pe
+ genericDescription :String

+hardwareQuantifiedAnalysis

+hardwareComponentScope
p p/ 0.* 0.1

HWComponentPrototypeScope HWQuantitativeMeasure::
HWQuantitativ eFailureAnalysis

+ safetyRelated :Boolean

Figure:26
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Diagram "Eailure”
Notes:

This diagram shows an overview of the hardwamaponent failure model.

class Failure /

AllocationTarget
Hardw areSafetyDesign Copyright 2013 The SAFE Project
Consortium

Draft version.
Final version planned for March

2014.
+randomHarwareFailure
Referrable i
HWFailureRate PaintaulEnom
i HWPointFaultEnum
+hwFailureRate HardwareComponentFailure

+ allocatedValue :Float — @ safeFault

+ rationaleScalingFactor :String singlePointFault

+ scalingFactor :Float=1.0 dualPointFault

+ source :String othersPointFault

+hwFailureMode 1.*
Referrable
HWPFailureMode Referrable

. o +hwFailureMode
+ allocatedFailureRateDistribution :Float HWFault

+ failureModeType :String 1 0.*
+ potentialCause :String

+ hwFaultType :HWPointFaultEnum

+hwFaultCharacterization 0.*

HWComponentPrototypeScope

AllocationTarget
Identifiable + safetyRelated :Boolean

¢atpType
MalfunctionType

Figure:27

Diagram "HwComponentScopePrototypé

Notes:

This diagram shows the context for HWComponent for an instanceRef between Type and Prototype
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class Hw ComponentScopePrototype /

Copyright 2013 The SAFE Project
Consortium

Draft version.
Final version planned for March

2014.
HWComponentPrototypeScope EastAdIReference EastAdIReference
EASTADLReferences:: EASTADLReferences::
+ safetyRelated :Boolean Hardw areComponentPrototype Hardw areComponentType

0..1
+argetHwComponentScope +baseHwcomponentScope 0.1

+contextHwComponentScope

¢cinstanceRef.contexte
+th0mponemScopeIns(anceRefContex} 1 ¢instanceRef.targete

¢l nstanceRe
Hw ComponentScopelnstanceRef

Figure:28

Diagram "HWQuantitativeElement"

Notes:

This diagram contains the calculation of the single failure mode contribution of HWComponent as
preliminary step for the safety evaluation.
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class HWQuantitativeElement /

Copyright 2013 The SAFE Project
Consortium
MalfunctionType Draft version.
Referrable Referrable Final version planned for March
HWFailureRate HWFailureMode 2014.
+ allocatedValue :Float + allocatedFailureRateDistribution :Float
+ rationaleScalingFactor :String + failureModeType :String
+ scalingFactor :Float=1.0 + potentialCause :String
+ source :String
/I\ /I\ 1 1
1 .
+hwFailureRateValue +failureRateDistribution +hwFailureMode
0..*
Referrable
HWFault
+ hwFaultType :HWPointFaultEnum
1 ¢
+hwFaultTypeValue
AtpFormulaExpressionString
FailureFormula::
HWFMSingleContributionFormula
1
+hwFMSCLambdaValue
0..1 +hwFailureModeSingleContribution
HWQuantitativeMeasure::
HWFMSingleContribution
+ lambdaMultiplePointFaultLatent :Float
+ lambdaResidualFault :Float
+ lambdaSafeFault :Float
+ lambdaSafetyComponent :Float
+ lambdaSinglePointFault :Float
+ safetyComponentClassName :ldentifier
Figure:29

Diagram "FailureCalculatedFromPart"

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.

a 2011-2013 The SAFE Consortium 123
(318)



SAFE - an ITEA2 project

D3.5.b

class FailureCalculatedFromPart /

Referrable Consortium

HWFault

+ hwFaultType :HWPointFaultEnum

Draft version.

2014.

Copyright 2013 The SAFE Project

Final version planned for March

1

+lambdaFailureModeValue \[/0..1

HWComponentQuantifiedFMFromPart

Referrable
FailurePart::

+ lambdaFailureMode :Float

Figure: 30

Element "HardwareFailureAnalysis"

ParentPackage:

Stereotype:

Notes:

Failure

This class represent the container foHardware 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 :

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

Relationships

Name

Source/Target

Notes

Source: 0..1 HardwareFailureAnalysis
Target: 1  MalfunctionPrototypemalfunctionAnalysis

Source: 0.*
HWComponentPrototypeScopardwareComponentScoy

Target: HardwareFailureAnalysis
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Name Source/Target Notes
Source: 0.1
HWQuantitativeFailureAnalysisardwareQuantifiedAnaly
sis
Target: HardwareFailureAnalysis

Source: 0..* HardwareFailureAnalysisarwdareSafetyAnalysis

Target: HardwareSafetyDesign

Element "HardwareComponentFailure"
ParentPackage: Failure

Stereotype: ,

Notes:
This class describes the failure data extension for all HWComponents, including faiéuesd failure mode.

Relationships
Name Source/Target Notes

Source: 0.1
HardwareComponentFailurandomHarwareFailure

Target: HardwareSafetyDesign
Source: 1..* HWFailureModehwFailureMode
Target: HardwareComponentFailure

Source: 1 HWFailureRatehwFailureRate
Target: HardwareComponentFailure

Element "HWFailureRate"
ParentPackage: Failure

Stereotype: ,
Notes:
This class captures the HWFailureRate of a HWComponent.

The appropriate HWFailureRate can be derived fromledustry Source (see ISO Part 5 8.4.3) as an
allocated value or calculated via analysis.

Attributes
PK |Name Type Not Unique|Len |Pre |Scale|Init Notes
Null c
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allocatedValue

Float

FIT rate allocated t
this HWComponen
out of statistics fo
architectural
evaluation an
calculation of
metrics ang
probabilistic
methods.

It shall be expresse
in FIT.

rationaleScalingF
ctor

String

The
rationaleScalingFac
or shall provide
rationale, if a scalin
factor different to 1.
is applied.

scalingFactor

Float

1.0

The  scalingFactc
allows potential
scaling betwee
different sources (¢
failure rates a
described in ISO Pa

5 Annex F.

source

String

FIT rate source shg
documented
according to possib
source as describg
in 1ISO 26262 Part
8.4.3:

a) failure rate fron
industry sourcy
(IEC/TR 62380, IEC
61709, ...)

b) statistic based ¢
return field or test

c) Expert judgemen

Relationships

Name

Source/Target

Notes

Source:

Target:

1

HWFMSingleContributionFormula
HWFailureRatehwFailureRateValue

Source:

HWFailureRate
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Name Source/Target Notes

Target: Referrable
Source: 1 HWFailureRatéhwFailureRate

Target: HardwareComponentFailure

Element "HWFailureMode"
ParentPackage: Failure

Stereotype: ,
Notes:

This class describes a HWFailureMode of a HWComponent.

Each HWFailureMode of the HWComponent must have its own characterizatioeaébr linked
malfunction (linked to violation of a SafetyGoal).

The HWFailureMode and HWFailureRateDistribution can be derived from e.g. Industry Source (see ISO
Part 5 8.4.3).

The HWrfailureMode as a specialization of A malfunction can be traced acgdreiquirement tracing
relation to a SafetyMechanismSpecification composed with QuantifiedHWDCProperty
class to identify the Diagnosis Coverage value for Latent and/or Residual Fault to be able
then to compute HW metrics.

Attributes
PK |Name Type Not Unique|Len |Pre |Scale|Init Notes
Null C

allocatedFailureRi Float 0 0 0 This attribute
teDistribution describes th
allocated distributio
of the failure rate g
the specific failure
mode (in percentag
of a HWComponent

The sum of al
failure rate
distributions of al
failure modks for g
single hardwar
component musg
lead to the valu
100% (may chec
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for consistency).

failureModeType | String 0 0 0 This attribute
textually describe
the type of a failur
mode of g
HWComponent (e.g
"No value" for g
sensor).

potentialCause | String 0 0 0 This attribute allow.
thedocumentation g
the potential cause
the HWComponer
failure mode (e.g
high temperature).

Relationships
Name Source/Target Notes

Source: HWFMSingleContributionFormula
Target: 1 HWFailureModefailureRateDistribution
Source: 1..* HWFailureModehwFailureMode

Target: HardwareComponentFailure
Source: HWFailureMode
Target: Referrable

Source: 0..* HWFault
Target: 1 HWFailureModehwFailureMode
Source: HWFailureMode

Target: MalfunctionType

Element "HWFault"

ParentPackage: Failure
Stereotype: ,
Notes:

This class HWFault represent the characterization of a HWComponent Fault defined by tags as Safe Fault,
SinglePointFault or MultiplePointFault of a specific FailureMode in a context of an
Hardware Architecture.

HardwareFault can only exist for HardwareComponentPrototype when HWComponent are used given by
the HWComponentPrototypeScope.
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The related malfurion (link to violation of a SafetyGoals) is already linked with the FailureMode of the
HardwareComponent via the HWSafetyGoalRelated meta class.

The different values are:
SafeFault: no violation of safety goal
ResidualOrSinglePointFault: direct violatiohthe SafetyGoal (1st order fault)

MultiplePointFault : violation of the SafetyGoal in combination with an independent failure of another
component (minimum 2nd order)

Multiple-point fault for n>2 are considered as safe faults unless shown to be rétetbentechnical safety
concept (see ISO Part 5 7.4.3.2 Note 1).

Attributes
PK |Name Type Not Unique|Len |Pre |Scale|Init Notes
Null C

hwFaultType HWPoin 0 0 0 Characterization ¢
tFaultEn the Failure Mode fo
um a single point relate
malfunction (linkeg
to violation of a
Safety Goal).

singlePoint Hw Fau
Type can be eithe
SPF or Residual

Possible Types are:

1 SafeFault (no
violation of
Safety Goal)

1 ResidualOrSing
ePointFault
(direct violation
of Safety Goal
(either covered
by Safety
Mechanism or
not)

1 Multiple-PointF
ault (violation of
Safety Goal in
combination
with another
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independent
fault)
Relationships
Name Source/Target Notes
Source: 1 HWFault
Target: 0.1
HWComponentQuantifiedFMFromPdsimbdaFailureMod
eValue
Source: HWFMSingleContributionFormula
Target: 1 HWFaulthwFaultTypeValue
Source: 0..1
HWFMSingleContributiothwFailureModeSingleContribu
ion
Target: HWFault
Source: HWFault
Target: Referrable
Source: HWComponentPrototypeScope

Target: 0..* HWFaulthwFaultCharacterization
Source: 0..* HWFault
Target: 1 HWFailureModehwFailureMode

Element "HWComponentPrototypeScope"
ParentPackage: Failure
Stereotype: ,

Notes:

This class describake context for the definition of a hardware component. The attribute defines a results
of the analysis if the Hardware Component is safety related means impacted by the
contribution to the violation of the malfunction

During modeling a design rule mus# ensured that HardwareComponentType used as BaseHwComponent
for the instanceRef relation is the same as the root hierarchy on the
HwComponentprototypeScope creation

Attributes
PK |Name Type Not Unique Len Pre | Scale|Init Notes
Null c
safetyRelated Boolean 0 0 0 This attribute store
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the contribution o
the HWComponer
to a malfunction as
boolean information

Relationships

Name Source/Target Notes

Source: 1

HwComponentScopelnstanceRevComponentScopelns
nceRefContext

Target: HWComponentPrototypeScope

Source: 0.*
HWComponentPrototypeScopardwareComponentScoy

Target: HardwareFailureAnalysis

Source: HWComponentPrototypeScope

Target: 0..* HWFaulthwFaultCharacterization

Element "HWMultiplePointFaultEnum™

ParentPackage: Failure
Stereotype: «enumerationy
Notes:
Attributes
PK |Name Type Not Unique Len Pre | Scale|Init Notes
Null c
noMultiplePointFg
ult

DualPointFault

TriplePointFault

othersOrderPointk
ault

Element "HWPointFaultEnum"

ParentPackage: Failure
Stereotype: «enumerationy
Notes:

This enumeration includes the possible characterizations for the attribute hwFaultType in Class HWFault.
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For simplification and clarification only SafeFault, SinglePointFaaltd DualPointFault and
othersPointFault are derived from the ISO Part 5 7.4.3.2.

SinglePointFault represents a first order fault, while DualPointFault represents a second order fault, and
OthersPointFault order greater then two. For the hardware fesdtrigtion, an cut set
order of two is adequate. Therefore, an limited order of two (see ISO Part 5 7.4.3.2) can be
defined. This means, that multiplePointFault represents an second order fault
(dualPointFault).

The precise characterization of a HWFaealg( MultiplePointLatent) can be derived from the value of the
attribute hwFaultType and a possible existence of a SafetyMechanism.

Attributes
PK |Name Type Not Unique|Len |Pre |Scale|Init Notes
Null C

safeFault 0 0 0 This literal describe
the characterizatio
as a safe fault.

singlePointFault 0 0 0 This literal describe
the characterizatio
as a singleoint of
failure (direct
violation).

dualPointFault 0 0 0 This literal describe
the characterizatia
as a multiplepoint
fault (violation in
combination  with
another independe
fault).

othersPointFault

Element "HwComponentScopelnstanceRef"

ParentPackage: Failure
Stereotype: «InstanceRef»
Notes:

This "instanceRef" metalass is the container for holditige relation of HWComponentPrototypeScope in context of
HWComponentType for the use of HWComponentPrototype.

Relationships
Name Source/Target Notes
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Name Source/Target Notes
Source: 1
HwComponentScopelnstanceRefComponentScopelns
nceRefContext
Target: HWComponentPrototypeScope
Source: HwComponentScopelnstanceRef
Target: 0.1
HardwareComponentTydsmseHwcomponentScope
Source: HwComponentScopelnstanceRef
Target: 0.1
HardwareComponentPrdyme contextHwComponentScao
e
Source: HwComponentScopelnstanceRef
Target: 0..1
HardwareComponentPrototypgrgetHwComponentScop
Package "FailurePart"
Typeof Package Package
ParentPackage: Hardware
Notes:
Diagram "FailurePartAnalysis"
Notes:
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class FailurePartAnaIysis/

ImplementationSafetyExtension

SafetyExtensions::
Hardw arelmplementationSafetyExtension

Copyright 2013 The SAFE Project
Consortium

Draft version.
Final version planned for March
2014.

+hardwarePartSafetyAnalysis | 0..*

Identifiable
HWPartFailureAnalysis . .
+malfunctionPartAnalysis catpProtot
Malfunction::
0.1 1 MalfunctionPrototype
+ genericDescription :String

+hwElementScope 0.* 01 +quantifiedHardwareFMFromPart

HWElementPrototypeScope Referrable
HWComponentQuantifiedFMFromPart

+ safetyRelated :Boolean

+ lambdaFailureMode :Float

Figure:31

Diagram "PartFailure"

Notes:

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

ImplementationSafetyExtension
SafetyExtensions:: Copyright 2013 The SAFE Project
Hardw arelmplementationSafetyExtension Consortium

Draft version.
Final version planned for March
2014.

HWPartFailureRate +ramdomHardwarePartFailure | g..1

rationaleScalingFactor :String
scalingFactor :Float = 1.0
source :String

value :Float

+hwPartFailureRate HWPartFailure

+ + + +

¢

+hwPartFailureMode | *

HWPartFailureMode

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

Figure:32

Diagram "HwElementScopePrototypé

Notes:

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

Copyright 2013 The SAFE Project
Consortium

Draft version.
Final version planned for March

2014.
AutosarReference
HWElementPrototypeScope AutosarReference
AUTOSARReferences:: AUTOSAFEE »
+ safetyRelated :Boolean Hw ElementPrototype eferences::
Hw ElementType

1 .1
¢ ° o1

+targetHwElementScope

+ContextHwElementScope
+baseHardwareElementScope

+hwElementScopelnstanceRefContext

1
+instanceRef.target
¢lnstanceRef e [—
HWElementScopelnstanceRef +instanceRef.context
Figure:33

Diagram "HwPartContributionToComponent "

Notes:

This diagram shwes the hardware part failures and its contribution to the hardware component failure on
higher level.
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class Hw PartContributionToComponent /

Copyright 2013 The SAFE Project
Consortium

Draft version.
Final version planned for March
Referrable 2014.

HWComponentQuantifiedFMFromPart

+ lambdaFailureMode :Float

+hwCQFMIlambdaFailureModeValue
1

AtpFormulaExpressionString

FailureFormula::
HWLambdaPartFormula

1 1
+hwPartFailureRateValue * * +failureRateDistributionValue
HWPartFailureRate HWPartFailureMode
+ rationaleScalingFactor :String| + partFailureModeType :String
+ scalingFactor :Float =1.0 + FailureRateDistribution :Integer
+ source :String + partPotentialCause :String
+ value :Float

Figure:34

Element "HWComponentQuantifiedFMFromPart"
ParentPackage: FailurePart

Stereotype: ,

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 (calculated 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 ComponentFailureMode 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 HaviElen@ation

Attributes
PK |Name Type Not Unique|Len |Pre |Scale|Init Notes
Null c
lambdaFailureMo| Float 0 0 0 This attribute
de contains the
quantified  failure
rate for the
corresponding
failure mode of thg
hardware
component.
Relationships
Name Source/Target Notes
Source: 1  HWFault
Target: 0.1
HWComponentQuantifiedFMFromPdambdaFdureMod
eValue
Source: 1
HWLambdaPartFormulawCQFMlambdaFailureModeVe
ue
Target: HWComponentQuantifiedFMFromPart
Source: HWPartFailureAnalysis
Target: 0..1
HWComponentQuantifiedFMFromPartiantifiedHardwar
eFMFromPart
Source: HWComponentQuantifiedFMFromPart
Target: Referrable

Element "HWElementPrototypeScope"
ParentPackage: FailurePart

Stereotype: ,

Notes:

This class describes the context for the definition of a hardware Element. The attribute defines a results of
the analysis if ta Hardware Component is safety related means impacted by the
contribution to the violation of the malfunction
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During modeling a design rule must be ensured that HWElementType used as BaseHwComponent for the
instanceRef relation is the same as the hietarchy on the HwElementPrototypeScope

creation
Attributes
PK |Name Type Not Unique|Len |Pre |Scale|Init Notes
Null c
safetyRelated Boolean This attribute store
the contribution o
the HWElement to
malfunction as
boolean information
Relationships
Name Source/Target Notes
Source: 0..* HWElementPrototypeScopgevElementScope
Target: HWPartFailureAnalysis
Source: HWElementPrototypeScope
Target: 1
HWElementScopelnstanceReivElementScopelnstancel
fContext
Element "HWPartFailure"
ParentPackage: FailurePart
Stereotype: ,
Notes:
This class describes the failure data extension for all HWPart elements, including part failure rate and part failure
mode.

Relationships
Name Source/Target Notes

Source: 1 HWHPartFailureRatbwPartFailureRate

Target: HWPartFailure
Source: 0..1 HWPartFailurelamdomHardwarePartFailure

Target: HardwarelmplementationSafetyExtension
Source: * HWPartFailureModdwPartFailureMode

Target: HWPartFailure

Element "HWPartFailureAnalysis"
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ParentPackage: FailurePart
Stereotype: ,
Notes:

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

Each malfunction (as Hardware Failure Mode) must lead to a safety part analttsis ct@ss 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 hardware Autosar Element specific to the context as
HWComponatPrototype inside a type composition

- the HWComponentQuantifiedFMFromPart Analysis performed on the level of the composition of
hardware part for contribution to the malfunction

Relationships
Name Source/Target Notes

Source: 0..* HWElementPrototypeScopgevElementScope
Target: HWPartFailureAnalysis

Source: 0..1 HWPartFailureAnalysis
Target: 1  MalfunctionPrototypanalfunctionPartAnalysis

Source: HardwarelmplementationSafetyExtension

Target: 0..*
HWPartFailureAnalysitardwarePartSafetyAnalysis

Source: HWPartFailureAnalysis

Target: 0..1
HWComponentQuantifiedFMFromPartiantifiedHardwar
eFMFromPart

Element "HWPartFailureMode"

ParentPackage: FailurePart
Stereotype: ,
Notes:

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

Each HWPartFailureMode of the Autosar HardwareElement must define a relation and contribution to a
HWFailureMode of HardwareComponent (from hardware design level).
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The HWFailureModend HWFailureRateDistribution can be derived from e.g. Industry Source.

Attributes
PK |Name Type Not Unique|Len |Pre |Scale|Init Notes
Null o

partFailureModeT] String 0 0 0 This attribute
ype textually describe
the type of a failur
mode of a HWPa
element (e.d
"ShortCircuit" for a
resistor).

FailureRateDistrily Integer 0 0 0 This attribute
ution describes th
distribution of the
failure rate of the
HWPart element fo
the specific hardwat
part failure mode i
percentage.

partPotentialCaus String 0 0 0 This attribute allow.
the documentation ¢
the potential cause
the HWPart failurg
mode (e.g. hig
temperature).

Relationships
Name Source/Target Notes

Source: *  HWAPartFailureModéwPartFailureMode
Target: HWPartFailure

Source: 1 HWLambdaPartFormal

Target: * HWAPartFailureModdailureRateDistributionValue

Element "HWPartFailureRate"
ParentPackage: FailurePart

Stereotype: ,
Notes:

This class captures the HWPartFailureRate of a AUTOSAR HWElement. Each AUTOSAR HWElement
has one single Part HWFailureRate.

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

PK

Name

Type

Not Unique|Len |Pre |Scale|Init
Null c

Notes

rationaleScalingF; String

ctor

The
rationaleScalingFac
or shall provide
rationale, if a scalin
factor different to 1.
is applied.

scalingFactor Float

The  scalingFactg
allows potentia
scaling betwee
different sources ¢
failure rates a
described in ISO Pa
5 Annex F.

source

String

FIT rate source shg
documented
according to possib
source as describt
in 1ISO 26262 Part
8.4.3:

a) failure rate from
industry sourct
(IEC/TR 62380, IEC
61709, ...)

b) statistic based ¢
return field or test

c) Expert judgemen

value

Float

FIT rate for the
hardware pal
element.

It shall be expresse
in FIT.

Relationships

Name

Source/Target

Notes

Source: 1

Target: *

HWLambdaPartFormula
HWPartFailureRatbwPartFailureRateValue

Source: 1

Target:

HWPartFailureRatbwPartFailureRate
HWPartFailure
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