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2 Introduction 

This document describes the language specification of SAFE.  

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

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

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

The meta-model 

The language specification is the core of the methods of the SAFE project. Its main objective 
is to enhance existing techniques to be able to reach the ISO26262 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 
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3 Modeling Rules 

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

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

Use of Enterprise Architect 

Å Rule 0: Work on a replica  

ï Rationale: Enables the merge function in EA, required to export a unique MM 

Å Rule 1: Provide documentation on 

Å Diagrams  

Å Packages 

Å Classes 

Å Attributes  

Å Associations. 

ï Rationale: Export from EA to deliverables. 

Å It helps partners to understand your intentions 

Å It can be used as javadoc in generated code 

Å It can be included in generated documention  

Class relations 

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

ï Generalization  

ï Composition (i.e. contain)  

ï Direct Association 

 

Å Rule 2.1: For Compose and Association relations, multiplicity shall be explicitly defined 

ï Rationale: otherwise the generator takes assumptions.  

Å Rule 2.2: For Compose and Association have to be named at the navigable end, not the 
connector itself. 
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ï Rationale: otherwise relation have no mean for code generation  

Å Rule 2.3: Donôt use Compose or Association relation with data-type or enumeration 

ï Rationale: data-type and enumeration arenôt class. (i.e. issue in code generation)  

Å Rule 2.4: always start creating the composition relation from the class to be aggregated 

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

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

ï Rationale: in Ecore the Ăfeaturesñ have to be unique  

Naming convention 

Å Rule 3: Only use java compliant names. 

ï Rationale: Names used in the model will be used in generated code 

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

ï E.g.: no reserved keyword  

ï Advice 1: Similar concept, different meta-model 

Å Rationale: simplify understanding  

Å Similar name. Ex: ARPackage <-> SAFEPackage  

Å Rule 3.1: Spaces in entries of enumerations are not allowed  

Basic Data types 

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

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

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

Å Rule 4.2: All attributes shall have a type 

Å Rule 4.3: Default value shall have the same type 

 

Main structural principle of meta-model 

SAFE uses SAFEElement as a root of the meta-model 

Å 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). 

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

 

http://java.sun.com/
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References 

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

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

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

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

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

Abstract Classes 

¶ Rule 7: Abstract classes are indicated to be abstract by setting the flag ñAbstractò in the 
properties of the element. The flag is at the tab ñDetailsò. 

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

 

 



SAFE - an ITEA2 project  D3.5.d 

 

â 2011-2014 The SAFE Consortium        20 
(290) 

4 Information Model Structure 

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

 

CommonStructure Technical package defining basic structures 

¶ AUTOSARInstanceRefs 
o Specific structure for instance refs to enable a 

referencing of AUTOSAR InstanceRefs from the 
SAFE meta-model. 

¶ DataTypes 
o Collects all used primitive data types 

¶ FormulaExpression 
o Enables the definition of formula language 

¶ References 
o Enables the link and usage of external meta-models 

(e.g. EAST-ADL, AUTOSAR, CHROMOSOME, é) 

¶ SafetyExtensions 
o Basic structuring principle based on abstraction 

levels of SAFE meta-model 

¶ TopLevel 
o 2nd structuring principle used in SAFE meta-model, 

based on hierarchies 

Configuration Link to variant management 

ErrorModel Basic component failure description as well as result of safety 
analysis 

Hardware Safety extensions on hardware level. 

Hazards Definition of hazard, risk, event, controllability 

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

SafetyAnalysis Safety analysis helping to classify malfunctions 

Software Safety extensions on software level 

System Safety extensions on system level 
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5. Model Documentation 

Model Detail 
This document provides a complete overview of all element details. For simpler and more focused reports, 

simply copy this initial template and turn off the sections not required.  

 

 

Package ClassModel  
 

Package Notes: 

 

 

 

class Class Model

Software

+ Configuration

SoftwareSafetyRequirements

+ ControlFlowMonitor

+ AlivenessMonitor

+ ActuatorMonitor

+ CRCChecksum

+ Comparison

+ ContextRangeCheck

+ CpuSelfTest

+ Filter

+ GradientCheck

+ HealthMonitor

+ Heartbeat

+ MemorySelfTest

+ Voting

(from Requirements)

CommonStructure

+ FormulaExpression

+ SafetyExtensions

+ AUTOSARInstanceRefs

+ DataTypes

+ References

+ TopLevel

DataTypes

+ FunctionBehaviorKind

+ ASILDecomposedEnum

+ ASILEnum

+ DevelopmentCategory

+ SafeElementType

+ Numerical

+ Boolean

+ Date

+ Float

+ Identifier

+ Integer

+ String

+ UriString

+ UrlString

(from CommonStructure)

References

+ CHROMOSOMEReference

+ EastAdlReference

+ AbstractReference

+ AutosarReference

+ CHROMOSOMEReferences

+ EASTADLReferences

+ AUTOSARReferences

(from CommonStructure)

TopLev el

+ PackageableElement

+ SAFE

+ SAFEPackage

+ Referrable

+ SAFEElement

+ Identifiable

(from CommonStructure)

Hazards

+ ItemFunctionDescription

+ Actor

+ Controllabil ityClassKind

+ Controllabil ityReference

+ ExposureClassKind

+ Hazard

+ HazardousEvent

+ Item

+ OperatingMode

+ OperationalSituation

+ RiskDescription

+ SafeState

+ SeverityClassKind

Requirements

+ AbstractQuantifiableSafetyRequirement

+ DiagnosticCoverageContextEnum

+ DiagnosticCoverageTypeEnum

+ HardwareSafetyRequirement

+ HWFaultMetricsEnum

+ QuantifiedDiagnosticCoverageProperty

+ QuantifiedHWProperty

+ RequirementsReleationship

+ RequirementTypeEnum

+ SafetyConcept

+ Verify

+ AbstractSafetyRequirement

+ AllocatableElement

+ AllocationTargets

+ FunctionalSafetyRequirement

+ RequirementsLink

+ RequirementsLinkTypeEnum

+ Satisfy

+ SoftwareSafetyRequirement

+ TechnicalSafetyRequirement

+ TraceableSpecification

+ FunctionalSafetyRequirements

+ SafetyCase

+ Tactic

+ SoftwareSafetyRequirements



SAFE - an ITEA2 project  D3.5.d 

 

â 2011-2014 The SAFE Consortium        22 
(290) 

Figure 1: Class Model - (Class diagram)  

 

Diagram Notes:  

 

Package CommonStructure  
 

Package Notes: 

 

 

Package AUTOSARInstanceRefs  

 

Package Notes: 

 

 

 

Figure 2: AutosarInstanceRefs - (Class diagram)  

 

class AutosarInstanceRefs

çabstractè

AutosarInstanceRef

AutosarComponentInCompositionInstanceRef

AutosarVariableDataPrototypeInstanceRef

AutosarUndefinedInstanceRef

AutosarReference

AUTOSARReferences::

PortPrototype

AutosarModeInPortFromComponentInCompositionInstanceRef

AutosarClientServ erOperationInstanceRef

AutosarReference

AUTOSARReferences::

ClientServ erOperation

çabstractè

AutosarAbstractComponentInstanceRef

çabstractè

AutosarAbstractPortInComponentInstanceRef

AutosarReference

AUTOSARReferences::

SwComponentPrototype

AutosarReference

AUTOSARReferences::

ModeDeclarationGroupPrototype

AutosarReference

AUTOSARReferences::

VariableDataPrototype

AutosarReference

AUTOSARReferences::

SwComponentType

AutosarPortInCompositionInstanceRef
+contextPort

1

+base

1

+contextComponent

0..*

+targetOperation 1

+targetModeGroup 1

+targetDataElement 1

+targetComponent 1

+targetPort

1
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Diagram Notes:  

 

Abstract AutosarAbstractComponentInstanceRef 

Element Base Classes: AutosarInstanceRef 

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

AutosarAbstractComponentInstance

Ref 

  

AutosarInstanceRef 

  

Generalization    

Source -> Destination  

AutosarPortInCompositionInstance

Ref 

  

AutosarAbstractComponentInstanceRe

f 

  

Generalization    

Source -> Destination  

AutosarComponentInCompositionI

nstanceRef 

  

AutosarAbstractComponentInstanceRe

f 

  

Generalization    

Source -> Destination  

AutosarAbstractPortInComponentIn

stanceRef 

  

AutosarAbstractComponentInstanceRe

f 

  

Association    

Source -> Destination  

AutosarAbstractComponentInstance

Ref 

  

SwComponentType 

  

Association    

Source -> Destination  

AutosarAbstractComponentInstance

Ref 

  

SwComponentPrototype 

  

  

 

Abstract AutosarAbstractPortInComponentInstanceRef 

Element Base Classes: AutosarAbstractComponentInstanceRef 

 

Element Notes: 
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Connections 

Connector Source Target 

Generalization    

Source -> Destination  

AutosarVariableDataPrototypeInsta

nceRef 

  

AutosarAbstractPortInComponentInsta

nceRef 

  

Generalization    

Source -> Destination  

AutosarModeInPortFromComponen

tInCompositionInstanceRef 

  

AutosarAbstractPortInComponentInsta

nceRef 

  

Association    

Source -> Destination  

AutosarAbstractPortInComponentIn

stanceRef 

  

PortPrototype 

  

Generalization    

Source -> Destination  

AutosarClientServerOperationInsta

nceRef 

  

AutosarAbstractPortInComponentInsta

nceRef 

  

Generalization    

Source -> Destination  

AutosarAbstractPortInComponentIn

stanceRef 

  

AutosarAbstractComponentInstanceRe

f 

  

  

 

Class AutosarClientServerOperationInstanceRef 

Element Base Classes: AutosarAbstractPortInComponentInstanceRef 

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Association    

Source -> Destination  

AutosarClientServerOperationInsta

nceRef 

  

ClientServerOperation 

  

Aggregation    

Source -> Destination  

AutosarClientServerOperationInsta

nceRef 

  

MFPOperation 

  

Generalization    

Source -> Destination  

AutosarClientServerOperationInsta

nceRef 

AutosarAbstractPortInComponentInsta

nceRef 
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Connector Source Target 

    

  

 

Class AutosarComponentInCompositionInstanceRef 

Element Base Classes: AutosarAbstractComponentInstanceRef 

 

Element Notes: 

A reference to an AUTOSAR software component within a software component composition instance 

which finds itself in another model / file. 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

AutosarComponentInCompositionI

nstanceRef 

  

EMPSwComponent 

  

Aggregation    

Source -> Destination  

AutosarComponentInCompositionI

nstanceRef 

  

ControlFlowMonitor 

  

Generalization    

Source -> Destination  

AutosarComponentInCompositionI

nstanceRef 

  

AutosarAbstractComponentInstanceRe

f 

  

Aggregation    

Source -> Destination  

AutosarComponentInCompositionI

nstanceRef 

  

AutosarCheckPoint 

  

Association    

Source -> Destination  

AutosarComponentInCompositionI

nstanceRef 

  

SwComponentPrototype 

  

Aggregation    

Source -> Destination  

AutosarComponentInCompositionI

nstanceRef 

  

AutosarActuatorMonitor 

  

  

 

Abstract AutosarInstanceRef 

Element Base Classes:  
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Element Notes: 

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

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

AutosarAbstractComponentInstance

Ref 

  

AutosarInstanceRef 

  

Generalization    

Source -> Destination  

AutosarUndefinedInstanceRef 

  

AutosarInstanceRef 

  

  

 

Class AutosarModeInPortFromComponentInCompositionInstanceRef 

Element Base Classes: AutosarAbstractPortInComponentInstanceRef 

 

Element Notes: 

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

component composition defined in another model / file. 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

AutosarModeInPortFromComponen

tInCompositionInstanceRef 

  

AutosarContext 

  

Generalization    

Source -> Destination  

AutosarModeInPortFromComponen

tInCompositionInstanceRef 

  

AutosarAbstractPortInComponentInsta

nceRef 

  

Association    

Source -> Destination  

AutosarModeInPortFromComponen

tInCompositionInstanceRef 

  

ModeDeclarationGroupPrototype 

  

  

 

Class AutosarPortInCompositionInstanceRef 

Element Base Classes: AutosarAbstractComponentInstanceRef 
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Element Notes: 

 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

AutosarPortInCompositionInstance

Ref 

  

OperationBlock 

  

Generalization    

Source -> Destination  

AutosarPortInCompositionInstance

Ref 

  

AutosarAbstractComponentInstanceRe

f 

  

Association    

Source -> Destination  

AutosarPortInCompositionInstance

Ref 

  

PortPrototype 

  

  

 

Class AutosarUndefinedInstanceRef 

Element Base Classes: AutosarInstanceRef 

 

Element Notes: 

Class for representing AUTOSAR references which are not understood by the SAFE meta model. 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

AutosarUndefinedInstanceRef 

  

AUTOSARSequenceConstraint 

  

Generalization    

Source -> Destination  

AutosarUndefinedInstanceRef 

  

AutosarInstanceRef 

  

  

 

Class AutosarVariableDataPrototypeInstanceRef 

Element Base Classes: AutosarAbstractPortInComponentInstanceRef 
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Element Notes: 

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

component composition which is defined in another model / file. 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

AutosarVariableDataPrototypeInsta

nceRef 

  

AutosarEvaluationFunction 

  

Generalization    

Source -> Destination  

AutosarVariableDataPrototypeInsta

nceRef 

  

AutosarAbstractPortInComponentInsta

nceRef 

  

Aggregation    

Source -> Destination  

AutosarVariableDataPrototypeInsta

nceRef 

  

MFPVariable 

  

Association    

Source -> Destination  

AutosarVariableDataPrototypeInsta

nceRef 

  

VariableDataPrototype 

  

Aggregation    

Source -> Destination  

AutosarVariableDataPrototypeInsta

nceRef 

  

AutosarContextRangeCheck 

  

Aggregation    

Source -> Destination  

AutosarVariableDataPrototypeInsta

nceRef 

  

AutosarComparisonParam 

  

Aggregation    

Source -> Destination  

AutosarVariableDataPrototypeInsta

nceRef 

  

AutosarGradientCheck 

  

Aggregation    

Source -> Destination  

AutosarVariableDataPrototypeInsta

nceRef 

  

ComponentPrototypeCRC 

  

    

 

Package DataTypes  

 

Package Notes: 
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Figure 3: Datatypes - (Class diagram)  

 

Diagram Notes:  

 

Enumeration ASILDecomposedEnum 

Element Base Classes:  

 

Element Notes: 

 

 

 

class Datatypes

çprimitiveè

String

çprimitiveè

Date

çprimitiveè

Identifier
çprimitiveè

UriString

çprimitiveè

UrlString

çenumerationè

SafeElementType

 Unknown = 0

 Goals = 1

 Strategies = 2

 Solutions = 3

 Contexts = 4

 Assumtions = 5

 Justifications = 6

çprimitiveè

Float

çprimitiveè

Boolean

çprimitiveè

Integer

çprimitiveè

Numerical

çenumerationè

FunctionBehav iorKind

 SIMULINK = 0

 STATEMATE = 1

 SDL = 2

 ASCET = 3

 SCADE = 4

 OTHER = 5

 MARTE = 6

 UML = 7

 SCILAB = 8

çenumerationè

ASILDecomposedEnum

 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

çenumerati...

ASILEnum

 ASIL_A

 ASIL_B

 ASIL_C

 ASIL_D

 QM

çenumerationè

Dev elopmentCategory

 newItemDevelopment

 modificationOfExistingItem
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Attributes 

Attribute  Notes Default  

ASIL_A  

 

  

ASIL_A_A  

 

  

ASIL_A_B  

 

  

ASIL_A_C  

 

  

ASIL_A_D  

 

  

ASIL_B  

 

  

ASIL_B_B 

 

  

ASIL_B_C 

 

  

ASIL_B_D 

 

  

ASIL_C  

 

  

ASIL_C_C 

 

  

ASIL_C_D 

 

  

ASIL_D  

 

  

ASIL_D_D 

 

  

ASIL_QM_A  

 

  

ASIL_QM_B    
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Attribute  Notes Default  

 

ASIL_QM_C  

 

  

ASIL_QM_D  

 

  

QM  

 

  

 

Enumeration ASILEnum 

Element Base Classes:  

 

Element Notes: 

An ASIL shall be determined by using the parameters  

¶ severity 

¶ probability of exposure 

¶ controllability  

 

ISO 26262 Reference: Part 3 Chapter 7.4.4 

 

 

 

Attributes 

Attribute  Notes Default  

ASIL_A  

 

  

ASIL_B  

 

  

ASIL_C  

 

  

ASIL_D  

 

  

QM  
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Enumeration DevelopmentCategory 

Element Base Classes:  

 

Element Notes: 

This element is an enumeration for the development kind of an item. 

 

Values: 

- new 

- modification 

 

ISO 262626 Reference: Part 3 Chapter 6.4.1 

 

 

 

Attributes 

Attribute  Notes Default  

newItemDevelopment 

 

  

modificationOfExistingIte

m 

 

  

 

Enumeration FunctionBehaviorKind 

Element Base Classes:  

 

Element Notes: 

 

 

 

 

Attributes 

Attribute  Notes Default  

SIMULINK  

 

 0 

STATEMATE   1 
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Attribute  Notes Default  

 

SDL 

 

 2 

ASCET 

 

 3 

SCADE 

 

 4 

OTHER  

 

 5 

MARTE  

 

 6 

UML  

 

 7 

SCILAB  

 

 8 

 

Enumeration SafeElementType 

Element Base Classes:  

 

Element Notes: 

 

 

 

 

Attributes 

Attribute  Notes Default  

Unknown 

 

 0 

Goals 

 

 1 

Strategies 

 

 2 
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Attribute  Notes Default  

Solutions 

 

 3 

Contexts 

 

 4 

Assumtions 

 

 5 

Justifications 

 

 6 

 

DataType Boolean 

Element Base Classes:  

 

Element Notes: 

 

 

 

  

 

DataType Date 

Element Base Classes:  

 

Element Notes: 

 

 

 

  

 

DataType Float 

Element Base Classes:  

 

Element Notes: 
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Connections 

Connector Source Target 

Generalization    

Source -> Destination  

Float 

  

Numerical 

  

  

 

DataType Identifier 

Element Base Classes:  

 

Element Notes: 

An Identifier is a string with a number of constraints on its appearance, satisfying the requirements typical 

programming languages define for their Identifiers. 

 

It needs to start with a letter, may consist of letters, digits and underscore. It must not have two consecutive 

underscores (to support subsequent name mangling based on "__"). 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

Identifier 

  

String 

  

  

 

DataType Integer 

Element Base Classes:  

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

Integer 

  

Numerical 
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DataType Numerical 

Element Base Classes:  

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

Float 

  

Numerical 

  

Generalization    

Source -> Destination  

Integer 

  

Numerical 

  

  

 

DataType String 

Element Base Classes:  

 

Element Notes: 

Any string. 

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

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

UriString 

  

String 

  

Generalization    

Source -> Destination  

Identifier 

  

String 

  

  

 

DataType UriString 

Element Base Classes:  
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Element Notes: 

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

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

UrlString 

  

UriString 

  

Generalization    

Source -> Destination  

UriString 

  

String 

  

  

 

DataType UrlString 

Element Base Classes:  

 

Element Notes: 

A Uniform Resource Location 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

UrlString 

  

UriString 

  

    

 

Package FormulaExpression  

 

Package Notes: 
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Figure 4: FormulaExpression - (Class diagram)  

 

Diagram Notes:  

 

Class FilterExpression 

Element Base Classes: FormulaExpression 

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

FilterExpression 

  

FormulaExpression 

  

class FormulaExpression

Identifiable

FormulaExpression

+ Formula  :String

FilterExpression çmixedStringè

ErrorBehav ior::

FailureLogicFormula
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Connector Source Target 

Aggregation    

Source -> Destination  

FilterExpression 

  

Filter 

  

  

 

Class FormulaExpression 

Element Base Classes: Identifiable 

 

Element Notes: 

This class represents the syntax of the formula language. The class is modeled as an abstract class in order 

to be specialized into particular use cases. For each use case the referable objects might be specified in the 

specialization. 

 

The stereotype "mixedString" of this class and the specialized sub-classes indicates the usage of mixed 

content model with intermixed text. The grammar of the mixed content model is described in the 

description field of the dedicated class. 

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

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

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

FormulaExpression 

  

Identifiable 

  

Generalization    

Source -> Destination  

FailureLogicFormula 

  

FormulaExpression 

  

Generalization    

Source -> Destination  

FilterExpression 

  

FormulaExpression 

  

 

Attributes 

Attribute  Notes Default  

Formula 

String 

  

 

Package References  
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Package Notes: 

 

 

 

Figure 5: References - (Class diagram)  

 

Diagram Notes:  

 

Abstract AbstractReference 

Element Base Classes:  

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

CHROMOSOMEReference 

  

AbstractReference 

  

class References

çabstractè

AbstractReference

çabstractè

AutosarReference

çabstractè

CHROMOSOMEReference

çabstractè

EastAdlReference
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Connector Source Target 

Generalization    

Source -> Destination  

EastAdlReference 

  

AbstractReference 

  

Generalization    

Source -> Destination  

AutosarReference 

  

AbstractReference 

  

  

 

Abstract AutosarReference 

Element Base Classes: AbstractReference 

 

Element Notes: 

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

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

VariableDataPrototype 

  

AutosarReference 

  

Generalization    

Source -> Destination  

HwElementPrototype 

  

AutosarReference 

  

Generalization    

Source -> Destination  

SwComponentType 

  

AutosarReference 

  

Generalization    

Source -> Destination  

SwComponentPrototype 

  

AutosarReference 

  

Generalization    

Source -> Destination  

ModeDeclaration 

  

AutosarReference 

  

Generalization    

Source -> Destination  

HwElementType 

  

AutosarReference 

  

Generalization    

Source -> Destination  

ModeDeclarationGroupPrototype 

  

AutosarReference 

  

Generalization    

Source -> Destination  

PortPrototype 

  

AutosarReference 

  

Generalization    

Source -> Destination  

ExecutableEntity 

  

AutosarReference 
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Connector Source Target 

Generalization    

Source -> Destination  

CompositionSwComponentType 

  

AutosarReference 

  

Generalization    

Source -> Destination  

BswModuleEntry 

  

AutosarReference 

  

Generalization    

Source -> Destination  

System 

  

AutosarReference 

  

Generalization    

Source -> Destination  

EcuInstance 

  

AutosarReference 

  

Generalization    

Source -> Destination  

EcuPartition 

  

AutosarReference 

  

Generalization    

Source -> Destination  

AutosarReference 

  

AbstractReference 

  

Generalization    

Source -> Destination  

BswModuleDescription 

  

AutosarReference 

  

Generalization    

Source -> Destination  

ClientServerOperation 

  

AutosarReference 

  

  

 

Abstract CHROMOSOMEReference 

Element Base Classes: AbstractReference 

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

Node 

  

CHROMOSOMEReference 

  

Generalization    

Source -> Destination  

System 

  

CHROMOSOMEReference 

  

Generalization    

Source -> Destination  

CHROMOSOMEReference 

  

AbstractReference 
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Connector Source Target 

Generalization    

Source -> Destination  

Application 

  

CHROMOSOMEReference 

  

Generalization    

Source -> Destination  

Component 

  

CHROMOSOMEReference 

  

Generalization    

Source -> Destination  

ComponentModeInstanceRef 

  

CHROMOSOMEReference 

  

Generalization    

Source -> Destination  

Topic 

  

CHROMOSOMEReference 

  

  

 

Abstract EastAdlReference 

Element Base Classes: AbstractReference 

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

FunctionPort 

  

EastAdlReference 

  

Generalization    

Source -> Destination  

HardwarePin 

  

EastAdlReference 

  

Generalization    

Source -> Destination  

FeatureModel 

  

EastAdlReference 

  

Generalization    

Source -> Destination  

AnalysisFunctionType 

  

EastAdlReference 

  

Generalization    

Source -> Destination  

FunctionConnector 

  

EastAdlReference 

  

Generalization    

Source -> Destination  

FunctionType 

  

EastAdlReference 

  

Generalization    

Source -> Destination  

EastAdlReference 

  

AbstractReference 
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Connector Source Target 

Generalization    

Source -> Destination  

VehicleFeature 

  

EastAdlReference 

  

Generalization    

Source -> Destination  

HardwareComponentPrototype 

  

EastAdlReference 

  

Generalization    

Source -> Destination  

FunctionPrototype 

  

EastAdlReference 

  

Generalization    

Source -> Destination  

HardwarePort 

  

EastAdlReference 

  

Generalization    

Source -> Destination  

DesignFunctionPrototype 

  

EastAdlReference 

  

Generalization    

Source -> Destination  

Environment 

  

EastAdlReference 

  

Generalization    

Source -> Destination  

AnalysisFunctionPrototype 

  

EastAdlReference 

  

Generalization    

Source -> Destination  

ErrorBehavior 

  

EastAdlReference 

  

Generalization    

Source -> Destination  

Requirement 

  

EastAdlReference 

  

Generalization    

Source -> Destination  

DesignLevel 

  

EastAdlReference 

  

Generalization    

Source -> Destination  

HardwareComponentType 

  

EastAdlReference 

  

Generalization    

Source -> Destination  

DesignFunctionType 

  

EastAdlReference 

  

  

 

Package CHROMOSOMEReferences  

 

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

 

Diagram Notes:  

 

Class Application 
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Element Base Classes: CHROMOSOMEReference 

 

Element Notes: 

A reference to a specific CHROMOSOME component instance. 
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Element Notes: 

Enables referencing of mode of a specific CHROMOSOME component instance. 
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Class Node 

Element Base Classes: CHROMOSOMEReference 

 

Element Notes: 

A reference to a CHROMOSOME node. A node in CHROMOSOME is a hardware unit, which acts as a 

deployment target for software components (like ECU in Autosar). 
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Class System 

Element Base Classes: CHROMOSOMEReference 

 

Element Notes: 
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Figure 7: EASTADLReferences - (Class diagram)  

 

Diagram Notes:  
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Element Notes: 
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Connector Source Target 
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Class Environment 

Element Base Classes: EastAdlReference 

 

Element Notes: 

Class used to reference the EAST-ADL 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,...) 
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Element Notes: 

 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

ErrorBehavior 

  

EastAdlReference 

  

Association    

Source -> Destination  

EastADLErrorBehavior 

  

ErrorBehavior 

  

  

 

Class FeatureModel 

Element Base Classes: EastAdlReference 

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Association    

Source -> Destination  

HazardandRiskSafetyExtension 

  

FeatureModel 

  

Generalization    

Source -> Destination  

FeatureModel 

  

EastAdlReference 

  

  

 



SAFE - an ITEA2 project  D3.5.d 

 

â 2011-2014 The SAFE Consortium        54 
(290) 

Class FunctionConnector 

Element Base Classes: EastAdlReference 

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

FunctionConnector 

  

EastAdlReference 

  

Association    

Source -> Destination  

HardwareSoftwareInterfaceElement 

  

FunctionConnector 

  

  

 

Class FunctionPort 

Element Base Classes: EastAdlReference 

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Dependency    

Source -> Destination  

MFPFunctionPort 

  

FunctionPort 

  

Generalization    

Source -> Destination  

FunctionPort 

  

EastAdlReference 

  

Association    

Source -> Destination  

HardwareSoftwareInterfaceElement 

  

FunctionPort 

  

Association  
instanceRef.target  

Source -> Destination  

FaultFailurePort_functionTarget 

  

FunctionPort 

  

  

 



SAFE - an ITEA2 project  D3.5.d 

 

â 2011-2014 The SAFE Consortium        55 
(290) 

Class FunctionPrototype 

Element Base Classes: EastAdlReference 

 

Element Notes: 
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Element Base Classes: EastAdlReference 

 

Element Notes: 

Class used to reference an EAST-ADL HardwareComponentPrototype element. 
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Class HardwarePin 

Element Base Classes: EastAdlReference 

 

Element Notes: 
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Class Requirement 

Element Base Classes: EastAdlReference 

 

Element Notes: 

Class used to reference an EAST-ADL Requirement element. 
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Class used to reference an EAST-ADL VehicleFeature element. 
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Package AUTOSARReferences  

 

Package Notes: 

 

 

 

Figure 8: AUTOSARReferences - (Class diagram)  

 

Diagram Notes:  
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Element Notes: 
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Class CompositionSwComponentType 

Element Base Classes: AutosarReference 

 

Element Notes: 

Class used to reference instances of software component compositions in an AUTOSAR model. 
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Connector Source Target 
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Element Base Classes: AutosarReference 

 

Element Notes: 

Class used to reference instances of AUTOSAR runnable entity elements. 
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Class HwElementPrototype 

Element Base Classes: AutosarReference 

 

Element Notes: 

class used to reference an AUTOSAR-Element used to model a safety hardware component 

 

 

Connections 

Connector Source Target 

Dependency    

Source -> Destination  

HWElementPrototypeScope 

  

HwElementPrototype 

  

Generalization    

Source -> Destination  

HwElementPrototype 

  

AutosarReference 

  



SAFE - an ITEA2 project  D3.5.d 

 

â 2011-2014 The SAFE Consortium        63 
(290) 

Connector Source Target 

Association    

Source -> Destination  

HWElementScopeInstanceRef 

  

HwElementPrototype 

  

Association    

Source -> Destination  

HWElementScopeInstanceRef 

  

HwElementPrototype 

  

Association    

Source -> Destination  

AllocationTargets 

  

HwElementPrototype 

  

  

 

Class HwElementType 

Element Base Classes: AutosarReference 

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Association    

Source -> Destination  

HWElementScopeInstanceRef 

  

HwElementType 

  

Generalization    

Source -> Destination  

HwElementType 

  

AutosarReference 

  

Association    

Source -> Destination  

AutosarHardwareSafetyExtension 

  

HwElementType 

  

  

 

Class ModeDeclaration 

Element Base Classes: AutosarReference 

 

Element Notes: 

Class used to reference an AUTOSAR mode declaration. 
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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. 
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Class used to reference AUTOSAR port prototype elements. 
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Class VariableDataPrototype 

Element Base Classes: AutosarReference 

 

Element Notes: 

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

component composition which is defined in another model / file. 
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Figure 9: SafetyExtensions - (Class diagram)  

 

Diagram Notes:  
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Class MultiLevelSafetyExtension 

Element Base Classes: SafetyExtension 

 

Element Notes: 
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Abstract SafetyExtension 

Element Base Classes: SAFEElement 

 

Element Notes: 

The abstract parent class of the different abstraction-level specific safety extensions. 

 

Depending on the specific level of abstraction (HazardRiskModel, FunctionalSafetyExtension, 

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

- the subtypes of AbstractSafetyRequirement (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 visible in the HazardandRiskModel)  
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Package FunctionalSafetyExtension  

 

Package Notes: 

 

 

 

Figure 10: FunctionalSafetyExtension - (Class diagram)  

 

Diagram Notes:  

 

Class FunctionalSafetyExtension 

Element Base Classes: SingleLevelSafetyExtension 

 

Element Notes: 

class FunctionalSafetyExtension

SingleLevelSafetyExtension

FunctionalSafetyExtension

EastAdlReference

EASTADLReferences::

AnalysisFunctionType

AbstractSafetyRequirement

Requirements::

FunctionalSafetyRequirement

- isSafetyGoal  :Boolean

+requirement 0..*

+scope 1
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The FunctionalSafetyExtension is used as interface to the AnalysisLevel defined in EAST-ADL. This 

extension specifies the add-on needed to model the functional safety concept defined in the ISO 26262 part 

3 chapter 8.  

 

 

Connections 

Connector Source Target 

Association    

Source -> Destination  

FunctionalSafetyExtension 

  

AnalysisFunctionType 

  

Generalization    

Source -> Destination  

FunctionalSafetyExtension 

  

SingleLevelSafetyExtension 

  

Aggregation    

Source -> Destination  

FunctionalSafetyRequirement 

  

FunctionalSafetyExtension 

  

    

 

Package HazardandRiskSafetyExtension  

 

Package Notes: 
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Figure 11: HazardandRiskSafetyExtension - (Class diagram)  

 

Diagram Notes:  

 

Class HazardandRiskSafetyExtension 

Element Base Classes: SingleLevelSafetyExtension 

 

Element Notes: 

The HazardAndRiskSafetyExtension is used as interface to the VehicleFeature defined in EAST-ADL. 

This extension specifies the add-on needed to model the hazard analysis and risk assessment defined in ISO 

26262 part 3 chapter 7. Further details according to modeling of hazards and safety goals are described in 

D3.1.1.b  

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

FunctionalSafetyRequirement 

  

HazardandRiskSafetyExtension 

  

class HazardandRiskSafetyExtension

SingleLevelSafetyExtension

HazardandRiskSafetyExtension

Identifiable

Hazards::Actor

+ informal  :String [0..1]

+ formal  :String

Identifiable

Hazards::Hazard

+ formal  :String

+ informal  :String

Identifiable

Hazards::HazardousEv ent

+ consequences  :String [0..1]

+ hazardClassification  :ASILEnum

+ exposure  :ExposureClassKind

+ severity  :SeverityClassKind

+ controllability  :ControllabilityClassKind

Identifiable

Hazards::ControllabilityReference

+ tableOfValues  :String [0..1]

+ function  :String

TraceableSpecification

Hazards::

RiskDescription

TraceableSpecification

Hazards::OperationalSituation

Identifiable

Hazards::Item

+ developmentCategory  :DevelopmentCategory

EastAdlReference

EASTADLReferences::

FeatureModel
+actor 0..*

0..1

+hazard 0..*

0..1

+hazardousEvent 0..*

0..1

+scope 1

+controllability

1..*

0..1

+risk
0..*

0..1

+operationalSituation 0..*

0..1

+otherItem 0..*

+item 0..*

0..1



SAFE - an ITEA2 project  D3.5.d 

 

â 2011-2014 The SAFE Consortium        74 
(290) 

Connector Source Target 

Aggregation    

Source -> Destination  

OperationalSituation 

  

HazardandRiskSafetyExtension 

  

Aggregation    

Source -> Destination  

HazardousEvent 

  

HazardandRiskSafetyExtension 

  

Association    

Source -> Destination  

HazardandRiskSafetyExtension 

  

FeatureModel 

  

Generalization    

Source -> Destination  

HazardandRiskSafetyExtension 

  

SingleLevelSafetyExtension 

  

Aggregation    

Source -> Destination  

Item 

  

HazardandRiskSafetyExtension 

  

Aggregation    

Source -> Destination  

Hazard 

  

HazardandRiskSafetyExtension 

  

Aggregation    

Source -> Destination  

ControllabilityReference 

  

HazardandRiskSafetyExtension 

  

Aggregation    

Source -> Destination  

Actor 

  

HazardandRiskSafetyExtension 

  

Aggregation    

Source -> Destination  

RiskDescription 

  

HazardandRiskSafetyExtension 

  

    

 

Package ImplementationSafetyExtension  

 

Package Notes: 
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Figure 12: ImplementationSafetyExtension - (Class diagram)  

 

Diagram Notes:  

 

Class AutosarHardwareSafetyExtension 

Element Base Classes: AutosarSafetyExtension 

 

Element 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. 

 

 

Connections 

Connector Source Target 

Association    

Unspecified  

AutosarHardwareSafetyExtension 

  

HWPartFailureAnalysis 

  

Association    

Unspecified  

HWPartFailure 

  

AutosarHardwareSafetyExtension 

  

class ImplementationSafetyExtension

çabstractè

AutosarSafetyExtension

AutosarSystemSafetyExtensionAutosarVfbSafetyExtensionChromosomeApplicationSafetyExtension

«abstract»

ChromosomeSafeExtension

ChromosomeSystemSafetyExtension

CHROMOSOMEReference

CHROMOSOMEReferences::Application

CHROMOSOMEReference

CHROMOSOMEReferences::System

AutosarReference

AUTOSARReferences::

System

Identifiable

Configuration::

CodeGenerationConfiguration

AutosarReference

AUTOSARReferences::

SwComponentType

SingleLevelSafetyExtension

ImplementationSafetyExtension

AutosarHardwareSafetyExtension

AutosarReference

AUTOSARReferences::

HwElementType

AbstractQuantifiableSafetyRequirement

Requirements::

SoftwareSafetyRequirement

AbstractQuantifiableSafetyRequirement

Requirements::

HardwareSafetyRequirement

+scope 1

+hardwareSafetyRequirement

0..*

+codeGenerationConfiguration 0..*

+softwareRequirement

0..*

+scope 1+scope 1+scope 1 +scope 1
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Connector Source Target 

Association    

Source -> Destination  

AutosarHardwareSafetyExtension 

  

HwElementType 

  

Generalization    

Source -> Destination  

AutosarHardwareSafetyExtension 

  

AutosarSafetyExtension 

  

  

 

Abstract AutosarSafetyExtension 

Element Base Classes: ImplementationSafetyExtension 

 

Element Notes: 

This element represents abstract AUTOSAR SAFE extensions. These are extensions to AUTOSAR which 

define software safety mechanisms related to AUTOSAR elements. 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

AutosarVfbSafetyExtension 

  

AutosarSafetyExtension 

  

Generalization    

Source -> Destination  

AutosarSafetyExtension 

  

ImplementationSafetyExtension 

  

Generalization    

Source -> Destination  

AutosarSystemSafetyExtension 

  

AutosarSafetyExtension 

  

Generalization    

Source -> Destination  

AutosarHardwareSafetyExtension 

  

AutosarSafetyExtension 

  

  

 

Class AutosarSystemSafetyExtension 

Element Base Classes: AutosarSafetyExtension 

 

Element Notes: 

This meta-class defines SAFE extensions which are specified for the AUTOSAR system level. 

 

 

Connections 
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Connector Source Target 

Association    

Source -> Destination  

AutosarSystemSafetyExtension 

  

System 

  

Generalization    

Source -> Destination  

AutosarSystemSafetyExtension 

  

AutosarSafetyExtension 

  

  

 

Class AutosarVfbSafetyExtension 

Element Base Classes: AutosarSafetyExtension 

 

Element Notes: 

This meta-class defines the element used for specifications of SAFE extensions at VFB level on 

AUTOSAR. This means elements which relate to a composition directly, not yet in a given system context. 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

AutosarVfbSafetyExtension 

  

AutosarSafetyExtension 

  

Association    

Source -> Destination  

AutosarVfbSafetyExtension 

  

SwComponentType 

  

  

 

Class ChromosomeApplicationSafetyExtension 

Element Base Classes: ChromosomeSafeExtension 

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Association    

Source -> Destination  

ChromosomeApplicationSafetyExte

nsion 

  

Application 
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Connector Source Target 

Generalization    

Source -> Destination  

ChromosomeApplicationSafetyExte

nsion 

  

ChromosomeSafeExtension 

  

  

 

Abstract ChromosomeSafeExtension 

Element Base Classes: ImplementationSafetyExtension 

 

Element Notes: 

This element represents abstract Chromosome SAFE extensions. 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

ChromosomeSafeExtension 

  

ImplementationSafetyExtension 

  

Generalization    

Source -> Destination  

ChromosomeSystemSafetyExtensio

n 

  

ChromosomeSafeExtension 

  

Generalization    

Source -> Destination  

ChromosomeApplicationSafetyExte

nsion 

  

ChromosomeSafeExtension 

  

  

 

Class ChromosomeSystemSafetyExtension 

Element Base Classes: ChromosomeSafeExtension 

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Association    

Source -> Destination  

ChromosomeSystemSafetyExtensio

n 

System 
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Connector Source Target 

  

Generalization    

Source -> Destination  

ChromosomeSystemSafetyExtensio

n 

  

ChromosomeSafeExtension 

  

  

 

Class ImplementationSafetyExtension 

Element Base Classes: SingleLevelSafetyExtension 

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

ChromosomeSafeExtension 

  

ImplementationSafetyExtension 

  

Aggregation    

Source -> Destination  

SoftwareSafetyRequirement 

  

ImplementationSafetyExtension 

  

Aggregation    

Source -> Destination  

CodeGenerationConfiguration 

  

ImplementationSafetyExtension 

  

Generalization    

Source -> Destination  

AutosarSafetyExtension 

  

ImplementationSafetyExtension 

  

Generalization    

Source -> Destination  

ImplementationSafetyExtension 

  

SingleLevelSafetyExtension 

  

Aggregation    

Source -> Destination  

HardwareSafetyRequirement 

  

ImplementationSafetyExtension 

  

    

 

Package TechnicalSafetyExtension  

 

Package Notes: 

This package describes the TechnicalSafetyExtension as defined in the SafetyExtension-Diagram. 
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Figure 13: TechnicalSafetyExtension - (Class diagram)  

 

Diagram Notes:  

 

Class DesignLevelSafetyExtension 

Element Base Classes: TechnicalSafetyExtension 

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Association    

Source -> Destination  

DesignLevelSafetyExtension 

  

DesignLevel 

  

Generalization    

Source -> Destination  

DesignLevelSafetyExtension 

  

TechnicalSafetyExtension 

  

  

 

Class HardwareSafetyExtension 

Element Base Classes: TechnicalSafetyExtension 

class TechnicalSafetyExtension

SingleLevelSafetyExtension

çabstractè

TechnicalSafetyExtension

HardwareSafetyExtensionSoftwareSafetyExtension

EastAdlReference

EASTADLReferences::

DesignFunctionType

EastAdlReference

EASTADLReferences::

HardwareComponentType

EastAdlReference

EASTADLReferences::

DesignLev el

DesignLev elSafetyExtension

AbstractQuantifiableSafetyRequirement

Requirements::

TechnicalSafetyRequirement

Identifiable

System::

HardwareSoftwareInterfaceSpecification

+hSISpecification 1

+requirement 0..*

+scope 1+scope 1 +scope 1
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Element Notes: 

This class represent the Safety Extension point for referenced element of Hardware Component Type 

(respectively from EAST-ADL) to allow the capture of hardware failure and summary failure and analysis 

results. 

 

 

Connections 

Connector Source Target 

Association    

Source -> Destination  

HardwareSafetyExtension 

  

HardwareComponentType 

  

Generalization    

Source -> Destination  

HardwareSafetyExtension 

  

TechnicalSafetyExtension 

  

  

 

Class SoftwareSafetyExtension 

Element Base Classes: TechnicalSafetyExtension 

 

Element Notes: 

The SafetySoftwareExtension is used to specify the implementation of the safety relevant 

SoftwareDesignComponents that are allocated to the SafetySoftwareDesign. 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

SoftwareSafetyExtension 

  

TechnicalSafetyExtension 

  

Association    

Source -> Destination  

SoftwareSafetyExtension 

  

DesignFunctionType 

  

  

 

Abstract TechnicalSafetyExtension 

Element Base Classes: SingleLevelSafetyExtension 

 

Element Notes: 
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The TechnicalSafetyExtension is used as interface to the DesignLevel defined in EAST-ADL. This 

extension specifies the add-on 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 ) 

 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

TechnicalSafetyRequirement 

  

TechnicalSafetyExtension 

  

Generalization    

Source -> Destination  

SoftwareSafetyExtension 

  

TechnicalSafetyExtension 

  

Aggregation    

Source -> Destination  

HardwareSoftwareInterfaceSpecific

ation 

  

TechnicalSafetyExtension 

  

Generalization    

Source -> Destination  

DesignLevelSafetyExtension 

  

TechnicalSafetyExtension 

  

Generalization    

Source -> Destination  

TechnicalSafetyExtension 

  

SingleLevelSafetyExtension 

  

Generalization    

Source -> Destination  

HardwareSafetyExtension 

  

TechnicalSafetyExtension 

  

      

 

Package TopLevel  

 

Package Notes: 
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Figure 14: TopLevel - (Class diagram)  

 

Diagram Notes: 

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

Abstract PackageableElement 

Element Base Classes: Identifiable 

 

Element Notes: 

This meta-class specifies the ability to be a member of a SAFE package. 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

Restrictable 

  

PackageableElement 

  

Aggregation    

Source -> Destination  

PackageableElement 

  

SAFEPackage 

  

Generalization    

Source -> Destination  

Variant 

  

PackageableElement 

  

class TopLev el

SAFEPackage

çabstractè

SAFEElement

+ name  :String

çabstractè

PackageableElement

çabstractè

Identifiable

+ category  :Identifier [0..1]

+ uuid  :String [0..1]

çabstractè

Referrable

+ shortName  :Identifier

SAFE

tags

admin.documentVersion = 2012-11-xx draft

safe.documentVersion = 0.1

xml.globalElement = true

çabstractè

Requirements::

TraceableSpecification

+ formal  :String [0..1]

+ informal  :String [0..1]

+ stakeholder  :String [0..n]

0..1

çsplittableè

+subPackage

0..*

+topLevelPackage

* çsplittableè0..1

+element

*

çsplittableè

0..1
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Connector Source Target 

Generalization    

Source -> Destination  

SAFEElement 

  

PackageableElement 

  

Generalization    

Source -> Destination  

PackageableElement 

  

Identifiable 

  

  

 

Abstract Referrable 

Element Base Classes:  

 

Element Notes: 

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

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

Identifiable 

  

Referrable 

  

Generalization    

Source -> Destination  

MalfunctionClassification 

  

Referrable 

  

Generalization    

Source -> Destination  

HWComponentQuantifiedFMFrom

Part 

  

Referrable 

  

 

Attributes 

Attribute  Notes Default  

shortName 

Identifier 

This specifies an identifying shortName for the object. It 

needs to be unique within its context and is intended for 

humans but even more for technical reference. 

 

 

Class SAFE 

Element Base Classes:  

 

Element Notes: 

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

Connector Source Target 

Aggregation    

Source -> Destination  

SAFEPackage 

  

SAFE 

  

  

 

Abstract SAFEElement 

Element Base Classes: PackageableElement 

 

Element Notes: 

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

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

SafetyExtension 

  

SAFEElement 

  

Generalization    

Source -> Destination  

SAFEElement 

  

PackageableElement 

  

 

Attributes 

Attribute  Notes Default  

name 

String 

Optional descriptive name of the SAFEElement, this name 

does not have the length restrictions as found for the 

AUTOSAR Identfiable shortName. 

 

 

Class SAFEPackage 

Element Base Classes: Identifiable 

 

Element Notes: 

Used for organization of the packageable elements in the model. 

 

Semantics: 

SAFEPackages can be organized hierarchically, where each level may contain a number of 

SAFEPackageableElements. 
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Connections 

Connector Source Target 

Generalization    

Source -> Destination  

SAFEPackage 

  

Identifiable 

  

Aggregation    

Source -> Destination  

PackageableElement 

  

SAFEPackage 

  

Aggregation    

Source -> Destination  

SAFEPackage 

  

SAFE 

  

Aggregation    

Source -> Destination  

SAFEPackage 

  

SAFEPackage 

  

  

 

Abstract Identifiable 

Element Base Classes: Referrable 

 

Element Notes: 

Instances of this class can be referred to by their identifier (within the namespace borders). In addition to 

this, Identifiables are objects  which contribute significantly to the overall structure of an AUTOSAR 

description. In particular, Identifiables might contain Identifiables. 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

MemorySelfTestConfig 

  

Identifiable 

  

Generalization    

Source -> Destination  

Actor 

  

Identifiable 

  

Generalization    

Source -> Destination  

QuantitativeErrorModel 

  

Identifiable 

  

Generalization    

Source -> Destination  

MTCompositeElementPrototype 

  

Identifiable 

  

Generalization    

Source -> Destination  

VoterConfig 

  

Identifiable 
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Connector Source Target 

Generalization    

Source -> Destination  

ErrorModelPrototype 

  

Identifiable 

  

Generalization    

Source -> Destination  

Identifiable 

  

Referrable 

  

Generalization    

Source -> Destination  

FormulaExpression 

  

Identifiable 

  

Generalization    

Source -> Destination  

MalfunctionType 

  

Identifiable 

  

Generalization    

Source -> Destination  

MalfunctionPrototype 

  

Identifiable 

  

Generalization    

Source -> Destination  

HazardousEvent 

  

Identifiable 

  

Generalization    

Source -> Destination  

HWComponentQuantifiedFMFrom

Part 

  

Identifiable 

  

Generalization    

Source -> Destination  

ConfigParameter 

  

Identifiable 

  

Generalization    

Source -> Destination  

SAFEPackage 

  

Identifiable 

  

Generalization    

Source -> Destination  

HardwareSoftwareInterfaceSpecific

ation 

  

Identifiable 

  

Generalization    

Source -> Destination  

HWPartFailureAnalysis 

  

Identifiable 

  

Association    

Source -> Destination  

Variant 

  

Identifiable 

  

Generalization    

Source -> Destination  

MalfunctionMapping 

  

Identifiable 

  

Generalization    

Source -> Destination  

CpuSelfTestConfig 

  

Identifiable 

  

Association    

Source -> Destination  

Variant 

  

Identifiable 

  

Generalization    

Source -> Destination  

RunnableEntitySequenceElement 

  

Identifiable 
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Connector Source Target 

Generalization    

Source -> Destination  

EvaluationFunction 

  

Identifiable 

  

Generalization    

Source -> Destination  

Tactic 

  

Identifiable 

  

Association    

Source -> Destination  

Restrictable 

  

Identifiable 

  

Generalization    

Source -> Destination  

Item 

  

Identifiable 

  

Generalization    

Source -> Destination  

HWQuantitativeFailureAnalysis 

  

Identifiable 

  

Generalization    

Source -> Destination  

AllocationTargets 

  

Identifiable 

  

Generalization    

Source -> Destination  

HardwareSoftwareInterfaceElement 

  

Identifiable 

  

Generalization    

Source -> Destination  

ItemFunctionDescription 

  

Identifiable 

  

Generalization    

Source -> Destination  

ComparisonParameter 

  

Identifiable 

  

Generalization    

Source -> Destination  

FilterParameter 

  

Identifiable 

  

Generalization    

Source -> Destination  

TraceableSpecification 

  

Identifiable 

  

Generalization    

Source -> Destination  

OperatingMode 

  

Identifiable 

  

Generalization    

Source -> Destination  

MalfunctionClassification 

  

Identifiable 

  

Generalization    

Source -> Destination  

Situation 

  

Identifiable 

  

Generalization    

Source -> Destination  

HWPartFailure 

  

Identifiable 

  

Generalization    

Source -> Destination  

CodeGenerationConfiguration 

  

Identifiable 
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Connector Source Target 

Generalization    

Source -> Destination  

ErrorBehaviorMapping 

  

Identifiable 

  

Generalization    

Source -> Destination  

HWPMHF 

  

Identifiable 

  

Generalization    

Source -> Destination  

ErrorModelMapping 

  

Identifiable 

  

Generalization    

Source -> Destination  

ErrorModel 

  

Identifiable 

  

Generalization    

Source -> Destination  

SafeState 

  

Identifiable 

  

Generalization    

Source -> Destination  

ContextParameter 

  

Identifiable 

  

Generalization    

Source -> Destination  

RangeCheckContext 

  

Identifiable 

  

Generalization    

Source -> Destination  

AbstractErrorBehavior 

  

Identifiable 

  

Generalization    

Source -> Destination  

PackageableElement 

  

Identifiable 

  

Generalization    

Source -> Destination  

ControllabilityReference 

  

Identifiable 

  

Generalization    

Source -> Destination  

HWSafetyAnalysisResult 

  

Identifiable 

  

Generalization    

Source -> Destination  

HWElementFailureRateClass 

  

Identifiable 

  

Generalization    

Source -> Destination  

VoterParameter 

  

Identifiable 

  

Generalization    

Source -> Destination  

HWFailureClassContainer 

  

Identifiable 

  

Generalization    

Source -> Destination  

ControlBlock 

  

Identifiable 

  

Generalization    

Source -> Destination  

MemoryRange 

  

Identifiable 
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Connector Source Target 

Generalization    

Source -> Destination  

Hazard 

  

Identifiable 

  

Generalization    

Source -> Destination  

CheckPoint 

  

Identifiable 

  

Generalization    

Source -> Destination  

FaultFailurePropagationLink 

  

Identifiable 

  

Generalization    

Source -> Destination  

HeartbeatConfig 

  

Identifiable 

  

 

Attributes 

Attribute  Notes Default  

category 

Identifier 

This element assigns a category to the parent element. The 

category is intended to specialize the usage and/or the 

content identifiable object. Such a specialization may also 

impose particular semantic constraints on the entire 

substructure (not only the identifiable itself). 

 

uuid 

String 

The purpose of this attribute is to provide a globally unique 

identifier for an instance of a metaclass. The values of this 

attribute should be globally unique strings prefixed by the 

type of identifier.  For example, to include a 

DCE UUID as defined by The Open Group, the UUID 

would be preceded by "DCE:". The values of this attribute 

may be used to support merging of different AUTOSAR 

models.  

The form of the UUID (Universally Unique Identifier) is 

taken from a standard defined by the Open Group (was Open 

Software Foundation). This standard is widely used, 

including by Microsoft for COM (GUIDs) and by many 

companies for DCE, which is based on CORBA. The 

method for generating these 128-bit IDs is published in the 

standard and the effectiveness and uniqueness of the IDs is 

not in practice disputed. 

If the id namespace is omitted, DCE is assumed.  

An example is 

"DCE:2fac1234-31f8-11b4-a222-08002b34c003". 

 

 

Package Configuration  
 

Package Notes: 
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Figure 15: Configuration  - (Class diagram)  

 

Diagram Notes:  

 

Class Restrictable 

Element Base Classes: PackageableElement 

 

Element Notes: 

A RestrictableElement allows connecting SAFE model elements with variant information. 

 

The 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. 

 

 

class Configuration

Restrictable

Restriction

- expression  :String = true

Referrable

çabstractè

TopLevel::Identifiable

+ category  :Identifier [0..1]

+ uuid  :String [0..1]

Variant

- origin  :String

- descriptionMode  :VariantDescriptionMode

çabstractè

TopLevel::

PackageableElement

çenumerationè

VariantDescriptionMode

 includedElements

 excludedElements

 includedExcludedElements

0..*

+ExcludedElements

0..*

0..*

+includedElements

0..*

1

+VariableElement
1

+resSet 0..*

1



SAFE - an ITEA2 project  D3.5.d 

 

â 2011-2014 The SAFE Consortium        92 
(290) 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

Restrictable 

  

PackageableElement 

  

Association    

Source -> Destination  

Restrictable 

  

Identifiable 

  

Aggregation    

Source -> Destination  

Restriction 

  

Restrictable 

  

  

 

Class Restriction 

Element Base Classes:  

 

Element Notes: 

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

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

Restriction 

  

Restrictable 

  

 

Attributes 

Attribute  Notes Default  

expression 

String 

 true 

 

Class Variant 

Element Base Classes: PackageableElement 

 

Element Notes: 

Represents the "actual" variant. 

 

 

Connections 
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Connector Source Target 

Association    

Source -> Destination  

Variant 

  

Identifiable 

  

Association    

Source -> Destination  

Variant 

  

Identifiable 

  

Generalization    

Source -> Destination  

Variant 

  

PackageableElement 

  

 

Attributes 

Attribute  Notes Default  

origin  

String 

  

descriptionMode 

VariantDescriptionMode 

  

 

Enumeration VariantDescriptionMode 

Element Base Classes:  

 

Element Notes: 

 

 

 

 

Attributes 

Attribute  Notes Default  

includedElements 

 

  

excludedElements 

 

  

includedExcludedElement

s 

 

  

 

Package ErrorModel  
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Package Notes: 

 

 

 

Figure 16: ErrorModel  - (Class diagram)  

 

Diagram Notes:  

 

Class ErrorModel 

Element Base Classes: Identifiable 

 

Element Notes: 

The error model is a container for all artifacts, which are needed to describe the error model of an 

architectural element: malfunctions, error types and error behaviors 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

ErrorModel 

  

SingleLevelSafetyExtension 

  

Association    

Source -> Destination  

ErrorModel 

  

ErrorModelType 

  

Aggregation    

Source -> Destination  

ErrorModelMapping 

  

ErrorModel 

  

class ErrorModel

TraceableSpecification

ErrorModelType::ErrorModelType

+ errorModelKind  :ErrorModelKind

+ genericDescription  :String = NA

Identifiable

çabstractè

ErrorBehavior::

AbstractErrorBehavior

Identifiable

Malfunction::MalfunctionPrototype

+ genericDescription  :String

Identifiable

Malfunction::MalfunctionType

Identifiable

ErrorModelType::

FaultFailurePropagationLink

Identifiable

ErrorModelType::

ErrorModelPrototype

Identifiable

ErrorModel

Identifiable

Mapping::

MalfunctionMapping

Identifiable

Mapping::

ErrorModelMapping

Identifiable

Mapping::

ErrorBehav iorMapping

+processFault*

+errorBehaviorMapping

*

+errorBehavior

1

çisOfTypeè

+type

1

çinstanceRefè

+effect

1

çinstanceRefè

+cause

1

+malfunction 0..*

çisOfTypeè

+type

1

+externalFailure

*

+mapping

0..*

+internalFault *

+malfunctionMapping*

+errorModel

1

+behavior

0..*

1

+part

*

1

+faultFailureConnector

*

+type

0..*+rootErrorModelType 0..1

çinstanceRefè+origin

1

çinstanceRefè
+target

0..*

+externalFault

*
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Connector Source Target 

Aggregation    

Source -> Destination  

AbstractErrorBehavior 

  

ErrorModel 

  

Generalization    

Source -> Destination  

ErrorModel 

  

Identifiable 

  

Aggregation    

Source -> Destination  

ErrorModelType 

  

ErrorModel 

  

Aggregation    

Source -> Destination  

MalfunctionType 

  

ErrorModel 

  

  

 

Package ErrorBehavior  

 

Package Notes: 

 

 

 

Figure 17: ErrorBehavior  - (Class diagram)  

 

Diagram Notes: 

class ErrorBehav ior

TraceableSpecification

ErrorModelType::ErrorModelType

+ errorModelKind  :ErrorModelKind

+ genericDescription  :String = NA

Nativ eErrorBehav ior

+ failureLogic  :String [0..1]

+ type  :ErrorBehaviorKind

çenumerationè

ErrorBehav iorKind

 HIP_HOPS

 ALTARICA

 AADL

 OTHER

Identifiable

çabstractè

AbstractErrorBehavior

FormulaExpression

çmixedStringè

FailureLogicFormula

Identifiable

Malfunction::MalfunctionPrototype

+ genericDescription  :String

EastAdlReference

EASTADLReferences::

ErrorBehav ior

EastADLErrorBehav ior

+scope 1

+externalFailure

1..*

+externalFault

*

+errorModel

1

+formula

1

+processFault

0..1

+externalFailure

0..1

+internalFault

0..1

+externalFault

0..1

+processFault

*

+internalFault

*

+externalFault

*

+externalFailure

*
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Diagram for ErrorBehavior. 

Abstract AbstractErrorBehavior 

Element Base Classes: Identifiable 

 

Element Notes: 

This class contains information about the error behavior independent of 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 during design, and may lead to any of the failures represented 

by the ErrorModelType. A processFault therefore has a direct propagation to all externalFailures and 

cannot be masked.  

 

Each error behavior description relates the occurrences of internal faults and incoming external faults to 

external failures. The faults and failures that the error behavior propagates to and from the target element 

are declared through the malfunction prototypes of the error model. 

 

Semantics:  

An error behavior describes the error propagation logic of its containing ErrorModelType. 

The ErrorBehavior description represents the error propagation from internal faults or external faults to 

external failures. Faults are identified by the internalFault externalFault associations. The propagated 

external failures are identified by the externalFailure association.  

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

EastADLErrorBehavior 

  

AbstractErrorBehavior 

  

Aggregation    

Source -> Destination  

MalfunctionPrototype 

  

AbstractErrorBehavior 

  

Generalization    

Source -> Destination  

NativeErrorBehavior 

  

AbstractErrorBehavior 

  

Association    

Source -> Destination  

ErrorBehaviorMapping 

  

AbstractErrorBehavior 

  

Association    

Source -> Destination  

AbstractErrorBehavior 

  

ErrorModelType 
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Connector Source Target 

Aggregation    

Source -> Destination  

AbstractErrorBehavior 

  

ErrorModel 

  

Aggregation    

Source -> Destination  

MalfunctionPrototype 

  

AbstractErrorBehavior 

  

Generalization    

Source -> Destination  

AbstractErrorBehavior 

  

Identifiable 

  

  

 

Class EastADLErrorBehavior 

Element Base Classes: AbstractErrorBehavior 

 

Element Notes: 

EASTADLErrorBehavior specifies a concrete failure logic description language, which describes the error 

propagation through the architectural element referenced by the containing ErrorModelType (e.g. function, 

hw component, sw component). 

 

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

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

EastADLErrorBehavior 

  

AbstractErrorBehavior 

  

Aggregation    

Source -> Destination  

FailureLogicFormula 

  

EastADLErrorBehavior 

  

Association    

Source -> Destination  

EastADLErrorBehavior 

  

ErrorBehavior 

  

  

 

Enumeration ErrorBehaviorKind 

Element Base Classes:  

 

Element Notes: 

The ErrorBehaviorKind metaclass represents an enumeration of literals describing various types of 

formalisms used for specifying error behavior. 
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Semantics: 

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

enumeration literal.  

 

Extension:  

Enumeration, no extension. 

 

 

 

Attributes 

Attribute  Notes Default  

HIP_HOPS 

 

A specification of error behavior according to the external 

formalism HiP-HOPS. 

 

 

ALTARICA  

 

A specification of error behavior according to the external 

formalism ALTARICA. 

 

 

AADL  

 

A specification of error behavior according to the external 

formalism AADL. 

 

 

OTHER  

 

A specification of error behavior according to other user 

defined formalism. 

 

 

 

Class FailureLogicFormula 

Element Base Classes: FormulaExpression 

 

Element Notes: 

FailureLogicFormula is used to describe the error propagation through the architectural element associated 

with the containing ErrorModelType. The grammer of the FailureLogicFormula is defined in the respective 

specification document. 

 

The failure logic formula language supports at least 

¶ AND operator 

¶ OR operator 

¶ NOT operator 

¶ local symbol or variable 
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¶ Typed for Boolean expression 

¶ Allows stratified negation (failure itself shall not be used in its negated form), e.g. failure1 = fault2 or 

fault3 and not(failure1) expression is forbidden 

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

 

 

 

Connections 

Connector Source Target 

Association    

Source -> Destination  

FailureLogicFormula 

  

MalfunctionPrototype 

  

Association    

Source -> Destination  

FailureLogicFormula 

  

MalfunctionPrototype 

  

Association    

Source -> Destination  

FailureLogicFormula 

  

MalfunctionPrototype 

  

Generalization    

Source -> Destination  

FailureLogicFormula 

  

FormulaExpression 

  

Association    

Source -> Destination  

FailureLogicFormula 

  

MalfunctionPrototype 

  

Aggregation    

Source -> Destination  

FailureLogicFormula 

  

EastADLErrorBehavior 

  

  

 

Class NativeErrorBehavior 

Element Base Classes: AbstractErrorBehavior 

 

Element Notes: 

NativeErrorBehavior represents the descriptions of failure logics or semantics that the architectural element 

associated by the ErrorModelType exhibits.  

 

Semantics:  

The NativeErrorBehavior is defined in the failureLogic string, either directly or as a url referencing 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 

actual failure propagation logic.  
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Extension: 

UML:Behavior 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

NativeErrorBehavior 

  

AbstractErrorBehavior 

  

Association    

Source -> Destination  

NativeErrorBehavior 

  

MalfunctionPrototype 

  

Association    

Source -> Destination  

NativeErrorBehavior 

  

MalfunctionPrototype 

  

 

Attributes 

Attribute  Notes Default  

failureLogic  

String 

The specification of error behavior based on an external 

formalism or the path to the file containing the external 

specification. 

 

type 

ErrorBehaviorKind 

The type of formalism applied for the error behavior 

description. 

 

 

Package ErrorModelType  

 

Package Notes: 
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Figure 18: ErrorModelPrototype  - (Class diagram)  

 

Diagram Notes:  

 

class ErrorModelPrototype

EMPHwComponentEMPBswModuleEMPSwComponentEMPAnalysis

Identifiable

ErrorModelPrototype

AutosarReference

AUTOSARReferences::

BswModuleDescription

EastAdlReference

EASTADLReferences::

HardwareComponentPrototype

AutosarAbstractComponentInstanceRef

AUTOSARInstanceRefs::

AutosarComponentInCompositionInstanceRef

EMPDesign

EastAdlReference

EASTADLReferences::

DesignFunctionPrototype

EastAdlReference

EASTADLReferences::

AnalysisFunctionPrototype

çinstanceRefè

+target 0..1

çinstanceRefè

+target 1+target 1

çinstanceRefè

+target 0..1 +target 1
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Figure 19: ErrorModelType  - (Class diagram)  

 

Diagram Notes: 

The EAST-ADL metaclasses for defining the error model structure. 

Class EMPAnalysis 

Element Base Classes: ErrorModelPrototype 

 

Element Notes: 

Error model prototype specified for a concrete analysis function instance. 

 

 

Connections 

Connector Source Target 

Aggregation    ErrorModelPrototype_analysisFunc

tionTarget 

EMPAnalysis 

class ErrorModelType

TraceableSpecification

ErrorModelType

+ errorModelKind  :ErrorModelKind

+ genericDescription  :String = NA

Identifiable

Malfunction::MalfunctionPrototype

+ genericDescription  :String

Identifiable

Malfunction::

MalfunctionType

EMTypeAnalysis EMTypeSwComponent EMTypeBswModuleEMTypeHwComponent

Identifiable

FaultFailurePropagationLink

- description  :String

+ immediatePropagation  :Boolean = true

Identifiable

ErrorModelPrototype

AutosarReference

AUTOSARReferences::

BswModuleDescription

AutosarReference

AUTOSARReferences::

SwComponentType

EastAdlReference

EASTADLReferences::

HardwareComponentType

EMTypeApplicationEnv ironment

AutosarReference

AUTOSARReferences::

EcuInstance

AutosarReference

AUTOSARReferences::

EcuPartition

çenumerationè

ErrorModelKind

 ASSUMPTION

 GUARANTEE

Identifiable

Quantitativ eErrorModel::

Quantitativ eErrorModel

EMTypeDesign

EastAdlReference

EASTADLReferences::

AnalysisFunctionType

EastAdlReference

EASTADLReferences::

DesignFunctionType

çisOfTypeè

+type

1

çinstanceRefè

+effect 1

çinstanceRefè

+cause 1

+target 1 +target 1+target 1

çisOfTypeè

+type 1

+target 1

+externalFailure

*

+externalFault

*

1

+part

*

1

+faultFailureConnector

*

+targetECU 0..1

+targetPartition0..1

+quantitativeInformation

1

+target 1
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Connector Source Target 

Source -> Destination      

Dependency    

Source -> Destination  

EMPAnalysis 

  

AnalysisFunctionPrototype 

  

Generalization    

Source -> Destination  

EMPAnalysis 

  

ErrorModelPrototype 

  

  

 

Class EMPBswModule 

Element Base Classes: ErrorModelPrototype 

 

Element Notes: 

Error model prototype specified for a concrete bsw software module. 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

EMPBswModule 

  

ErrorModelPrototype 

  

Association    

Source -> Destination  

EMPBswModule 

  

BswModuleDescription 

  

  

 

Class EMPDesign 

Element Base Classes: ErrorModelPrototype 

 

Element Notes: 

Error model prototype specified for a concrete design function instance. 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

ErrorModelPrototype_designFuncti

onTarget 

EMPDesign 
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Connector Source Target 

  

Generalization    

Source -> Destination  

EMPDesign 

  

ErrorModelPrototype 

  

Dependency    

Source -> Destination  

EMPDesign 

  

DesignFunctionPrototype 

  

  

 

Class EMPHwComponent 

Element Base Classes: ErrorModelPrototype 

 

Element Notes: 

Error model prototype specified for a concrete hardware component instance. 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

ErrorModelPrototype_hwTarget 

  

EMPHwComponent 

  

Dependency    

Source -> Destination  

EMPHwComponent 

  

HardwareComponentPrototype 

  

Generalization    

Source -> Destination  

EMPHwComponent 

  

ErrorModelPrototype 

  

  

 

Class EMPReference 

Element Base Classes:  

 

Element Notes: 
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Class EMPSwComponent 

Element Base Classes: ErrorModelPrototype 

 

Element Notes: 

Error model prototype specified for a concrete software component instance. 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

EMPSwComponent 

  

ErrorModelPrototype 

  

Aggregation    

Source -> Destination  

AutosarComponentInCompositionI

nstanceRef 

  

EMPSwComponent 

  

  

 

Class EMTypeAnalysis 

Element Base Classes: ErrorModelType 

 

Element Notes: 

Error model type specified for a concrete analysis function. 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

EMTypeAnalysis 

  

ErrorModelType 

  

Association    

Source -> Destination  

EMTypeAnalysis 

  

AnalysisFunctionType 

  

  

 

Class EMTypeApplicationEnvironment 

Element Base Classes: ErrorModelType 

 

Element Notes: 
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The EMTypeApplicationEnvironment allows describing the error model for the runtime environment of 

application software on AUTOSAR implementation level. The application environment can be virtual, 

meaning that the modeled error model is an assumption of the environment the application software is 

running on. In a real system, EMTypeApplicationEnvironment is associated with a concrete ECUInstance 

in the system and (optional) with a ECU partition within this ECU. In this case, the error model represents 

the description of the unintended behavior originated by this runtime environment. 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

EMTypeApplicationEnvironment 

  

ErrorModelType 

  

Association    

Source -> Destination  

EMTypeApplicationEnvironment 

  

EcuPartition 

  

Association    

Source -> Destination  

EMTypeApplicationEnvironment 

  

EcuInstance 

  

  

 

Class EMTypeBswModule 

Element Base Classes: ErrorModelType 

 

Element Notes: 

Error model type specified for a concrete basic software module. 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

EMTypeBswModule 

  

ErrorModelType 

  

Association    

Source -> Destination  

EMTypeBswModule 

  

BswModuleDescription 

  

  

 

Class EMTypeDesign 

Element Base Classes: ErrorModelType 

 

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

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

EMTypeDesign 

  

ErrorModelType 

  

Association    

Source -> Destination  

EMTypeDesign 

  

DesignFunctionType 

  

  

 

Class EMTypeHwComponent 

Element Base Classes: ErrorModelType 

 

Element Notes: 

Error model type specified for a concrete hardware component 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

EMTypeHwComponent 

  

ErrorModelType 

  

Association    

Source -> Destination  

EMTypeHwComponent 

  

HardwareComponentType 

  

  

 

Class EMTypeSwComponent 

Element Base Classes: ErrorModelType 

 

Element Notes: 

Error model type specified for a concrete software component 

 

 

Connections 

Connector Source Target 
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Connector Source Target 

Association    

Source -> Destination  

EMTypeSwComponent 

  

SwComponentType 

  

Generalization    

Source -> Destination  

EMTypeSwComponent 

  

ErrorModelType 

  

  

 

Enumeration ErrorModelKind 

Element Base Classes:  

 

Element Notes: 

 

 

 

 

Attributes 

Attribute  Notes Default  

ASSUMPTION 

 

  

GUARANTEE  

 

  

 

Class ErrorModelPrototype 

Element Base Classes: Identifiable 

 

Element Notes: 

The ErrorModelPrototype is used to define hierarchical error models allowing additional detail or structure 

to the error model of a particular target. A hierarchal structure can also be defined when several 

ErrorModels are integrated to a larger ErrorModel representing a system integrated from several targets.  

 

There are diffent  subtypes of ErrorModelPrototype specified, allowing to add additional information 

describe the context of the ErrorModelProtoype. 

 

Semantics: 

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

(See ADLFunctionPrototype) 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

ErrorModelPrototype 

  

Identifiable 

  

Association    

Source -> Destination  

ErrorModelPrototype 

  

ErrorModelType 

  

Generalization    

Source -> Destination  

EMPSwComponent 

  

ErrorModelPrototype 

  

Association    

Source -> Destination  

ErrorModelInstanceRef 

  

ErrorModelPrototype 

  

Generalization    

Source -> Destination  

EMPBswModule 

  

ErrorModelPrototype 

  

Association    

Source -> Destination  

ErrorModelInstanceRef 

  

ErrorModelPrototype 

  

Generalization    

Source -> Destination  

EMPHwComponent 

  

ErrorModelPrototype 

  

Generalization    

Source -> Destination  

EMPDesign 

  

ErrorModelPrototype 

  

Association    

Source -> Destination  

MalfunctionInstanceRef 

  

ErrorModelPrototype 

  

Aggregation    

Source -> Destination  

ErrorModelType 

  

ErrorModelPrototype 

  

Generalization    

Source -> Destination  

EMPAnalysis 

  

ErrorModelPrototype 

  

  

 

Class ErrorModelType 

Element Base Classes: TraceableSpecification 

 

Element Notes: 
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ErrorModelType and ErrorModelPrototype support the hierarchical composition of error models based on 

the type-prototype pattern also adopted for the nominal architecture composition. The purpose of the error 

models is to represent information relating 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 metaclass TraceableSpecification, allowing the ErrorModelType to 

be referenced from its design context in a similar way as requirements, test cases and other specifications.  

 

Constraints: 

For An ErrorModelType without part, a respective error behavior shall be defined in the safety model. 

 

Semantics: 

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

 

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

 

- One nominal type: 

 

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

 

- Several nominal types: 

 

The ErrorModelType represents the identified nominal types individually, i.e. the same error model applies 

to all nominal types and is reused. 

 

- One nominal prototype: 

 

The ErrorModelType represents the identified nominal prototype whenever its context, i.e. its top-level 

composition is instantiated. 

 

- Several nominal prototypes with instanceref: 

 

The ErrorModelType represents the identified set of nominal prototypes (together) whenever their context, 

i.e. their top-level composition, is instantiated. 
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The fault propagation of an errorModelType is defined by its contained parts, the ErrorModelPrototypes 

and their connections. In case an error behavior is defined for this error model type, the fault propagation 

information, the error behavior and the parts of the error model shall be consistent. 

 

FaultFailurePropagationLinks define valid propagation paths in the ErrorModelType. In case the contained 

external faults and external failures reference nominal ports, the connectivity of the nominal model may 

serve as a pattern for connecting malfunction prototypes in the ErrorModelType. 

 

Extension: 

(see ADLTraceableSpecfication) 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

ErrorModelType 

  

FaultFailurePropagationLink 

  

Generalization    

Source -> Destination  

EMTypeApplicationEnvironment 

  

ErrorModelType 

  

Association    

Source -> Destination  

ErrorModelPrototype 

  

ErrorModelType 

  

Generalization    

Source -> Destination  

EMTypeBswModule 

  

ErrorModelType 

  

Generalization    

Source -> Destination  

EMTypeAnalysis 

  

ErrorModelType 

  

Association    

Source -> Destination  

ErrorModel 

  

ErrorModelType 

  

Association    

Source -> Destination  

AbstractErrorBehavior 

  

ErrorModelType 

  

Generalization    

Source -> Destination  

EMTypeHwComponent 

  

ErrorModelType 

  

Aggregation    

Source -> Destination  

MalfunctionPrototype 

  

ErrorModelType 

  

Generalization    

Source -> Destination  

ErrorModelType 

  

TraceableSpecification 

  

Aggregation    

Source -> Destination  

MalfunctionPrototype 

  

ErrorModelType 
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Connector Source Target 

Aggregation    

Source -> Destination  

QuantitativeErrorModel 

  

ErrorModelType 

  

Generalization    

Source -> Destination  

EMTypeSwComponent 

  

ErrorModelType 

  

Aggregation    

Source -> Destination  

ErrorModelType 

  

ErrorModel 

  

Aggregation    

Source -> Destination  

ErrorModelType 

  

ErrorModelPrototype 

  

Generalization    

Source -> Destination  

EMTypeDesign 

  

ErrorModelType 

  

 

Attributes 

Attribute  Notes Default  

errorModelKind  

ErrorModelKind 

  

genericDescription 

String 

 NA 

 

Class FaultFailurePropagationLink 

Element Base Classes: Identifiable 

 

Element Notes: 

The FaultFailurePropagationLink metaclass represents the links for the propagations of faults/failures 

across system elements. In particular, it defines that one error model provides the faults/failures that another 

error model receives. 

 

A fault/failure link can only be applied to compatible ports, either for fault/failure delegation within an error 

model or for fault/failure transmission across two error models. A FaultFailurePropagationLink can only 

connect fault/failures that have compatible types.  

 

Constraints: 

[1] Only compatible cause-effect 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.  
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Semantics: 

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

the effect of another error model.  

 

 

Extension: 

UML::Connector 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

ErrorModelType 

  

FaultFailurePropagationLink 

  

Aggregation    

Source -> Destination  

MalfunctionInstanceRef 

  

FaultFailurePropagationLink 

  

Aggregation    

Source -> Destination  

FaultFailurePropagationLink 

  

MalfunctionInstanceRef 

  

Dependency    

Source -> Destination  

FaultFailurePropagationLink 

  

MalfunctionPrototype 

  

Dependency    

Source -> Destination  

FaultFailurePropagationLink 

  

MalfunctionPrototype 

  

Generalization    

Source -> Destination  

FaultFailurePropagationLink 

  

Identifiable 

  

 

Attributes 

Attribute  Notes Default  

description 

String 

  

immediatePropagation 

Boolean 

 true 

 

Package QuantitativeErrorModel  

 

Package Notes: 
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Figure 20: QuantitativeErrorModel  - (Class diagram)  

 

Diagram Notes:  

 

Class FailureRate 

Element Base Classes:  

 

Element Notes: 

This super class provides generic information required by all the concrete distributions gaussian, gumbel, 

frechet, exponential and uniform. 

class Quantitativ eErrorModel

Identifiable

Quantitativ eErrorModel

FailureRate

- lambda  :Float

- rationalScalingFactor  :String [0..1]

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

- source  :String [0..1]

Identifiable

Malfunction::

MalfunctionPrototype

+ genericDescription  :String

+failureRate *

+malfunction 1
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Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

FailureRate 

  

QuantitativeErrorModel 

  

Association    

Source -> Destination  

FailureRate 

  

MalfunctionPrototype 

  

 

Attributes 

Attribute  Notes Default  

lambda 

Float 

  

rationalScalingFactor 

String 

The rationaleScalingFactor shall provide a rationale, if a 

scaling factor different to 1.0 is applied. 

 

scalingFactor 

Float 

The scalingFactor allows potential scaling between different 

sources of failure rates as described in ISO Part 5 Annex F. 

1.0 

source 

String 

FIT rate source shall documented according to possible 

source as described in ISO 26262 Part 5 8.4.3. 

 

 

Class QuantitativeErrorModel 

Element Base Classes: Identifiable 

 

Element Notes: 

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

class. 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

QuantitativeErrorModel 

  

Identifiable 

  

Aggregation    

Source -> Destination  

FailureRate 

  

QuantitativeErrorModel 

  

Aggregation    QuantitativeErrorModel ErrorModelType 
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Connector Source Target 

Source -> Destination      

      

 

Package Malfunction  

 

Package Notes: 

 

 

 

Figure 21: MalfunctionPrototype  - (Class diagram)  

 

Diagram Notes:  

 

class MalfunctionPrototype

MalfunctionType

MFPFunctionPort

EastAdlReference

EASTADLReferences::

FunctionPort

EastAdlReference

EASTADLReferences::

HardwarePin

MFPBswPortMFPHardwarePin MFPSwcPort

MFPVariableMFPOperation

MalfunctionPrototype

+ genericDescription  :String

AutosarReference

AUTOSARReferences::

BswModuleEntry

AutosarAbstractPortInComponentInstanceRef

AUTOSARInstanceRefs::

AutosarClientServ erOperationInstanceRef

AutosarAbstractPortInComponentInstanceRef

AUTOSARInstanceRefs::

AutosarVariableDataPrototypeInstanceRef

Referrable

çabstractè

TopLevel::Identifiable

+ category  :Identifier [0..1]

+ uuid  :String [0..1]

MFPHardwarePort

EastAdlReference

EASTADLReferences::

HardwarePort

+target 1

çisOfTypeè

+type

1

+variable 1

çinstanceRefè

+target 0..1

+operation 1

çinstanceRefè

+target 0..1

çinstanceRefè

+target 0..1
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Figure 22: MalfunctionType  - (Class diagram)  

 

Diagram Notes:  

 

Class MFPBswPort 

Element Base Classes: MalfunctionPrototype 

 

Element Notes: 

The MalfunctionPrototype pointing to a basic software module entry 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

MFPBswPort 

  

MalfunctionPrototype 

  

Association    

Source -> Destination  

MFPBswPort 

  

BswModuleEntry 

  

  

 

Class MFPFunctionPort 

Element Base Classes: MalfunctionPrototype 

 

Element Notes: 

class MalfunctionType

Identifiable

MalfunctionType

MTPrimitiv e MTComposite
Identifiable

MTCompositeElementPrototype+element

1..*

çisOfTypeè+type

1
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The MalfunctionPrototype pointing to a function port instance 

 

 

Connections 

Connector Source Target 

Dependency    

Source -> Destination  

MFPFunctionPort 

  

FunctionPort 

  

Generalization    

Source -> Destination  

MFPFunctionPort 

  

MalfunctionPrototype 

  

Aggregation    

Source -> Destination  

FaultFailurePort_functionTarget 

  

MFPFunctionPort 

  

  

 

Class MFPHardwarePin 

Element Base Classes: MalfunctionPrototype 

 

Element Notes: 

The MalfunctionPrototype pointing to a HardwarPin instance 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

FaultFailurePort_hwPinTarget 

  

MFPHardwarePin 

  

Generalization    

Source -> Destination  

MFPHardwarePin 

  

MalfunctionPrototype 

  

Dependency    

Source -> Destination  

MFPHardwarePin 

  

HardwarePin 

  

  

 

Class MFPHardwarePort 

Element Base Classes: MalfunctionPrototype 

 

Element Notes: 

The MalfunctionPrototype pointing to a HardwarPort instance 
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Connections 

Connector Source Target 

Dependency    

Source -> Destination  

MFPHardwarePort 

  

HardwarePort 

  

Aggregation    

Source -> Destination  

FaultFailurePort_hwPortTarget 

  

MFPHardwarePort 

  

Generalization    

Source -> Destination  

MFPHardwarePort 

  

MalfunctionPrototype 

  

  

 

Class MFPOperation 

Element Base Classes: MFPSwcPort 

 

Element Notes: 

The MalfunctionPrototype pointing to an AUTOSAR operation instance 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

MFPOperation 

  

MFPSwcPort 

  

Aggregation    

Source -> Destination  

AutosarClientServerOperationInsta

nceRef 

  

MFPOperation 

  

  

 

Class MFPSwcPort 

Element Base Classes: MalfunctionPrototype 

 

Element Notes: 
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Connections 

Connector Source Target 

Generalization    

Source -> Destination  

MFPSwcPort 

  

MalfunctionPrototype 

  

Generalization    

Source -> Destination  

MFPOperation 

  

MFPSwcPort 

  

Generalization    

Source -> Destination  

MFPVariable 

  

MFPSwcPort 

  

  

 

Class MFPVariable 

Element Base Classes: MFPSwcPort 

 

Element Notes: 

The MalfunctionPrototype pointing to an AUTOSAR variable instance 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

AutosarVariableDataPrototypeInsta

nceRef 

  

MFPVariable 

  

Generalization    

Source -> Destination  

MFPVariable 

  

MFPSwcPort 

  

  

 

Class MTComposite 

Element Base Classes: MalfunctionType 

 

Element Notes: 

This composite malfunction type allows to define the different ways, how the malfunction becomes visible. 

As a typical example, a composite malfunction type could have the elements "commission" and "omission". 

 

BrakeMalfunctionType (type: MTComposite): 

 

- BrakePressureTooLow (type: MTPrimitive): 



SAFE - an ITEA2 project  D3.5.d 

 

â 2011-2014 The SAFE Consortium        121 
(290) 

 

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

 

- Omission (type: MTPrimitive): 

 

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

 

- Commission (type: MTPrimitive): 

 

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

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

MTComposite 

  

MalfunctionType 

  

Aggregation    

Source -> Destination  

MTCompositeElementPrototype 

  

MTComposite 

  

  

 

Class MTCompositeElementPrototype 

Element Base Classes: Identifiable 

 

Element Notes: 

This class is used the apply the composite pattern for the definition of MalfunctionTypes. It is contained by 

the composite MalfunctionTtype and refers to the type of the elements within the composite 

MalfunctionType. 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

MTCompositeElementPrototype 

  

Identifiable 

  

Aggregation    

Source -> Destination  

MTCompositeElementPrototype 

  

MTComposite 
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Connector Source Target 

Association    

Source -> Destination  

MTCompositeElementPrototype 

  

MalfunctionType 

  

  

 

Class MTPrimitive 

Element Base Classes: MalfunctionType 

 

Element Notes: 

This class is used for the atomic definition of a malfunction type. The description field of the derived 

Identifiable class shall be used to describe the malfunction type. 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

MTPrimitive 

  

MalfunctionType 

  

  

 

Class MalfunctionPrototype 

Element Base Classes: Identifiable 

 

Element 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 depending on its type (enumeration of generic 

description). 

 

Semantics: 

An malfunction prototype refers to a condition that deviates from expectations based on requirements 

specifications, design documents, user documents, standards, etc., or from someone's perceptions or 

experiences (ISO26262). 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: 
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(UML::Part) 

 

 

Connections 

Connector Source Target 

Association    

Source -> Destination  

FailureLogicFormula 

  

MalfunctionPrototype 

  

Aggregation    

Source -> Destination  

MalfunctionPrototype 

  

AbstractErrorBehavior 

  

Dependency    

Source -> Destination  

MalfunctionClassification 

  

MalfunctionPrototype 

  

Dependency    

Source -> Destination  

MalfunctionMapping 

  

MalfunctionPrototype 

  

Generalization    

Source -> Destination  

MalfunctionPrototype 

  

Identifiable 

  

Association    

Source -> Destination  

RiskDescription 

  

MalfunctionPrototype 

  

Association    

Source -> Destination  

FailureLogicFormula 

  

MalfunctionPrototype 

  

Generalization    

Source -> Destination  

MFPFunctionPort 

  

MalfunctionPrototype 

  

Generalization    

Source -> Destination  

MFPSwcPort 

  

MalfunctionPrototype 

  

Generalization    

Source -> Destination  

MFPHardwarePin 

  

MalfunctionPrototype 

  

Aggregation    

Source -> Destination  

MalfunctionPrototype 

  

Item 

  

Aggregation    

Source -> Destination  

MalfunctionPrototype 

  

ErrorModelType 

  

Dependency    

Source -> Destination  

HWPartFailureAnalysis 

  

MalfunctionPrototype 

  

Generalization    

Source -> Destination  

MFPBswPort 

  

MalfunctionPrototype 

  

Aggregation    MalfunctionPrototype ErrorModelType 
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Connector Source Target 

Source -> Destination      

Association    

Source -> Destination  

FailureLogicFormula 

  

MalfunctionPrototype 

  

Association    

Source -> Destination  

MalfunctionInstanceRef 

  

MalfunctionPrototype 

  

Aggregation    

Source -> Destination  

MalfunctionPrototype 

  

AbstractErrorBehavior 

  

Association    

Source -> Destination  

NativeErrorBehavior 

  

MalfunctionPrototype 

  

Association    

Source -> Destination  

MalfunctionPrototype 

  

MalfunctionType 

  

Association    

Source -> Destination  

FailureRate 

  

MalfunctionPrototype 

  

Dependency    

Source -> Destination  

SafetyAnalysisResult 

  

MalfunctionPrototype 

  

Association    

Source -> Destination  

NativeErrorBehavior 

  

MalfunctionPrototype 

  

Association    

Source -> Destination  

FailureLogicFormula 

  

MalfunctionPrototype 

  

Association    

Source -> Destination  

HazardousEvent 

  

MalfunctionPrototype 

  

Dependency    

Source -> Destination  

FaultFailurePropagationLink 

  

MalfunctionPrototype 

  

Dependency    

Source -> Destination  

FaultFailurePropagationLink 

  

MalfunctionPrototype 

  

Dependency    

Source -> Destination  

MalfunctionMapping 

  

MalfunctionPrototype 

  

Generalization    

Source -> Destination  

MFPHardwarePort 

  

MalfunctionPrototype 

  

 

Attributes 

Attribute  Notes Default  
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Attribute  Notes Default  

genericDescription 

String 

A description of the MalfunctionPrototype  

 

Class MalfunctionType 

Element Base Classes: Identifiable 

 

Element Notes: 

A MalfunctionType describes how a malfunction becomes visible. Currently, it can either be a primitive 

description of a malfunction or defines as hierarchical composition of different "appearance" possibilities. 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

MalfunctionType 

  

Identifiable 

  

Aggregation    

Source -> Destination  

MalfunctionType 

  

MultiLevelSafetyExtension 

  

Generalization    

Source -> Destination  

MTComposite 

  

MalfunctionType 

  

Generalization    

Source -> Destination  

MTPrimitive 

  

MalfunctionType 

  

Association    

Source -> Destination  

MalfunctionPrototype 

  

MalfunctionType 

  

Association    

Source -> Destination  

MTCompositeElementPrototype 

  

MalfunctionType 

  

Aggregation    

Source -> Destination  

MalfunctionType 

  

ErrorModel 

  

    

 

Package Mapping  

 

Package Notes: 
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Figure 23: ErrorBehaviorMapping  - (Class diagram)  

 

Diagram Notes:  

 

Class ErrorBehaviorMapping 

Element Base Classes: Identifiable 

 

Element Notes: 

The class ErrorBehaviorMapping allows to map an error behavior to a concrete instance of an 

ErrorModelType within the ErrorModel. For each instance reference referred by the association named 

"errorModel", the following rule must be considered: 

- The ErrorModelType of the first context element in the instanceRef of type ErrorModelInstanceRef must 

match with the attribute "rootErrorModelType" of the ErrorModel, where this ErrorBehaviorMapping is 

contained 

class ErrorBehav iorMapping

Identifiable

ErrorModelMapping

Identifiable

ErrorBehav iorMapping

çInstanceRefè

_instanceRef::

ErrorModelInstanceRef

Identifiable

çabstractè

ErrorBehavior::

AbstractErrorBehavior

+errorModel * +errorBehavior1

+errorBehaviorMapping*
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Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

ErrorBehaviorMapping 

  

ErrorModelMapping 

  

Association    

Source -> Destination  

ErrorBehaviorMapping 

  

AbstractErrorBehavior 

  

Generalization    

Source -> Destination  

ErrorBehaviorMapping 

  

Identifiable 

  

Aggregation    

Source -> Destination  

ErrorModelInstanceRef 

  

ErrorBehaviorMapping 

  

  

 

Class ErrorModelMapping 

Element Base Classes: Identifiable 

 

Element Notes: 

This class contains mapping information for error model. 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

ErrorBehaviorMapping 

  

ErrorModelMapping 

  

Aggregation    

Source -> Destination  

ErrorModelMapping 

  

ErrorModel 

  

Generalization    

Source -> Destination  

ErrorModelMapping 

  

Identifiable 

  

Aggregation    

Source -> Destination  

MalfunctionMapping 

  

ErrorModelMapping 

  

  

 

Class MalfunctionMapping 

Element Base Classes: Identifiable 
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Element Notes: 

Via the class MalfunctionMapping it is possible to map malfunctions of one abstraction level (e.g. EAST 

ADL implementation level) to another level of abstraction (e.g. EAST ADL analysis level). This way the 

correlation between different levels of abstraction can be made explicit. 

 

The MalfunctionMapping shall be attached to the "lower" level of abstraction. Example: 

¶ a malfunction defined for a software component (implementation level) shall be related with a 

malfunction defined on design level 

¶ in this case, (at least) two instances of SafetyExtensions (TechnicalSafetyExtension, 

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

before mentioned malfunctions 

¶ in the AutosarSystemSafetyExtension, we define an MalfunctionMapping and relate the software 

malfunction (in the role of "origin") to the malfunction defined within the TechnicalSafetyExtension 

(in the role "target") 

 

Thus, the following rules shall be applied: 

¶ the MalfunctionPrototype referenced via the "origin" relationship shall be defined within the same 

SafetyExtension as an instance of this class 

¶ the MalfunctionPrototype references via the "target" relationship shall be defined within a 

SafetyExtension which corresponds to a higher level of abstraction 

 

 

 

Connections 

Connector Source Target 

Dependency    

Source -> Destination  

MalfunctionMapping 

  

MalfunctionPrototype 

  

Generalization    

Source -> Destination  

MalfunctionMapping 

  

Identifiable 

  

Aggregation    

Source -> Destination  

MalfunctionInstanceRef 

  

MalfunctionMapping 

  

Aggregation    

Source -> Destination  

MalfunctionInstanceRef 

  

MalfunctionMapping 

  

Dependency    

Source -> Destination  

MalfunctionMapping 

  

MalfunctionPrototype 

  

Aggregation    

Source -> Destination  

MalfunctionMapping 

  

ErrorModelMapping 
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Package _instanceRef  

 

Package Notes: 

 

 

 

Figure 24: EMPAnalysis_analysisFunctionTarget - (Class diagram)  

 

Diagram Notes: 

Diagram for ErrorModelPrototype. 

 

Figure 25: EMPDesign_designFunctionTarget - (Class diagram)  

 

Diagram Notes: 

Diagram for ErrorModelPrototype. 

class EMPAnalysis_analysisFunctionTarget

çinstanceRefè

ErrorModelPrototype_analysisFunctionTarget

ErrorModelPrototype

ErrorModelType::EMPAnalysis

EastAdlReference

EASTADLReferences::

AnalysisFunctionPrototype

+target

0..1

instanceRef.target

+target

1

instanceRef.context

+context

0..*

çinstanceRefè

+target

0..1

class EMPDesign_designFunctionTarget

çInstanceRefè

ErrorModelPrototype_designFunctionTarget

EastAdlReference

EASTADLReferences::

DesignFunctionPrototype

ErrorModelPrototype

ErrorModelType::EMPDesign

çinstanceRefè

+target

0..1

çinstanceRef.contextè

+context

0..*

çinstanceRef.targetè

+target

1

+target

0..1
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Figure 26: EMPHwComponent_hwTarget - (Class diagram)  

 

Diagram Notes:  

 

 

Figure 27: ErrorModelInstance  - (Class diagram)  

 

Diagram Notes:  

 

class EMPHwComponent_hwTarget

çinstanceRefè

ErrorModelPrototype_hwTarget

ErrorModelPrototype

ErrorModelType::EMPHwComponent

EastAdlReference

EASTADLReferences::

HardwareComponentPrototype

+target

*
instanceRef.target +target

1

instanceRef.context +context

0..*

çinstanceRefè

+target

1

class ErrorModelInstance

çInstanceRefè

ErrorModelInstanceRef

Identifiable

ErrorModelType::

ErrorModelPrototype

çinstanceRef.targetè

+target

1

çinstanceRef.contextè

+context

0..*
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Figure 28: ErrorModelMapping  - (Class diagram)  

 

Diagram Notes:  

 

 

Figure 29: FaultFailurePropagationLink  - (Class diagram)  

 

Diagram Notes: 

Diagram for FaultFailurePropagationLink. 

class ErrorModelMapping

Identifiable

ErrorModelType::

ErrorModelPrototype

çinstanceRefè

MalfunctionInstanceRef

Identifiable

Malfunction::MalfunctionPrototype

+ genericDescription  :String

Identifiable

Mapping::MalfunctionMapping

çinstanceRefè

+target

0..*

çinstanceRefè

+origin

1

çinstanceRef.targetè

+malfunction 1

çinstanceRef.contextè

+errorModelPrototype
0..*

+target

1

+origin

1

class FaultFailurePropagationLink

Identifiable

ErrorModelType::FaultFailurePropagationLink

- description  :String

+ immediatePropagation  :Boolean = true

Identifiable

ErrorModelType::

ErrorModelPrototype

çinstanceRefè

MalfunctionInstanceRef

Identifiable

Malfunction::MalfunctionPrototype

+ genericDescription  :String

+cause

1

çinstanceRefè

+cause

1

çinstanceRefè

+effect

1

çinstanceRef.targetè

+malfunction 1

çinstanceRef.contextè

+errorModelPrototype 0..*

+effect

1
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Figure 30: MFPFunctionPort_functionTarget  - (Class diagram)  

 

Diagram Notes:  

 

 

Figure 31: MFPHardwarePin_hwTarget - (Class diagram)  

 

Diagram Notes:  

 

class MFPFunctionPort_functionTarget

çinstanceRefè

FaultFailurePort_functionTarget

EastAdlReference

EASTADLReferences::FunctionPort

EastAdlReference

EASTADLReferences::

FunctionPrototype

MalfunctionPrototype

Malfunction::MFPFunctionPort +target

0..1

instanceRef.target

+target 1

instanceRef.context+context

0..*

çinstanceRefè

+target

0..1

class MFPHardwarePin_hwTarget

çinstanceRefè

FaultFailurePort_hwPinTarget

EastAdlReference

EASTADLReferences::

HardwarePin

MalfunctionPrototype

Malfunction::MFPHardwarePin

EastAdlReference

EASTADLReferences::

HardwareComponentPrototype

+target

*

instandeRef.target

+target 1

çinstanceRefè

+target

0..1
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Figure 32: MFPHardwarePort_hwTarget  - (Class diagram)  

 

Diagram Notes:  

 

Class ErrorModelInstanceRef 

Element Base Classes:  

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Association    

Source -> Destination  

ErrorModelInstanceRef 

  

ErrorModelPrototype 

  

Association    

Source -> Destination  

ErrorModelInstanceRef 

  

ErrorModelPrototype 

  

Aggregation    

Source -> Destination  

ErrorModelInstanceRef 

  

ErrorBehaviorMapping 

  

  

 

Class ErrorModelPrototype_analysisFunctionTarget 

Element Base Classes:  

 

class MFPHardwarePort_hwTarget

MalfunctionPrototype

Malfunction::MFPHardwarePort EastAdlReference

EASTADLReferences::

HardwareComponentPrototype

EastAdlReference

EASTADLReferences::

HardwarePort

çinstanceRefè

FaultFailurePort_hwPortTarget

çinstanceRef.targetè

+target

+target

* çinstanceRef.contextè

+context

*

çinstanceRefè

+target

0..1
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Element Notes: 

 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

ErrorModelPrototype_analysisFunc

tionTarget 

  

EMPAnalysis 

  

Association  
instanceRef.context  

Source -> Destination  

ErrorModelPrototype_analysisFunc

tionTarget 

  

AnalysisFunctionPrototype 

  

Association  
instanceRef.target  

Source -> Destination  

ErrorModelPrototype_analysisFunc

tionTarget 

  

AnalysisFunctionPrototype 

  

  

 

Class ErrorModelPrototype_designFunctionTarget 

Element Base Classes:  

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Association    

Source -> Destination  

ErrorModelPrototype_designFuncti

onTarget 

  

DesignFunctionPrototype 

  

Aggregation    

Source -> Destination  

ErrorModelPrototype_designFuncti

onTarget 

  

EMPDesign 

  

Association    

Source -> Destination  

ErrorModelPrototype_designFuncti

onTarget 

  

DesignFunctionPrototype 
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Class ErrorModelPrototype_hwTarget 

Element Base Classes:  

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

ErrorModelPrototype_hwTarget 

  

EMPHwComponent 

  

Association  
instanceRef.context  

Source -> Destination  

ErrorModelPrototype_hwTarget 

  

HardwareComponentPrototype 

  

Association  
instanceRef.target  

Source -> Destination  

ErrorModelPrototype_hwTarget 

  

HardwareComponentPrototype 

  

  

 

Class FaultFailurePort_functionTarget 

Element Base Classes:  

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

FaultFailurePort_functionTarget 

  

MFPFunctionPort 

  

Association  
instanceRef.context  

Source -> Destination  

FaultFailurePort_functionTarget 

  

FunctionPrototype 

  

Association  
instanceRef.target  

Source -> Destination  

FaultFailurePort_functionTarget 

  

FunctionPort 
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Class FaultFailurePort_hwPinTarget 

Element Base Classes:  

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

FaultFailurePort_hwPinTarget 

  

MFPHardwarePin 

  

Association  
instandeRef.target  

Source -> Destination  

FaultFailurePort_hwPinTarget 

  

HardwarePin 

  

  

 

Class FaultFailurePort_hwPortTarget 

Element Base Classes:  

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Association    

Source -> Destination  

FaultFailurePort_hwPortTarget 

  

HardwareComponentPrototype 

  

Aggregation    

Source -> Destination  

FaultFailurePort_hwPortTarget 

  

MFPHardwarePort 

  

Association    

Source -> Destination  

FaultFailurePort_hwPortTarget 

  

HardwarePort 

  

  

 

Class MalfunctionInstanceRef 
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Element Base Classes:  

 

Element Notes: 

 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

MalfunctionInstanceRef 

  

HWPartFailureAnalysis 

  

Aggregation    

Source -> Destination  

MalfunctionInstanceRef 

  

MalfunctionClassification 

  

Aggregation    

Source -> Destination  

MalfunctionInstanceRef 

  

FaultFailurePropagationLink 

  

Aggregation    

Source -> Destination  

FaultFailurePropagationLink 

  

MalfunctionInstanceRef 

  

Aggregation    

Source -> Destination  

MalfunctionInstanceRef 

  

Tactic 

  

Aggregation    

Source -> Destination  

MalfunctionInstanceRef 

  

MalfunctionMapping 

  

Association    

Source -> Destination  

MalfunctionInstanceRef 

  

MalfunctionPrototype 

  

Aggregation    

Source -> Destination  

MalfunctionInstanceRef 

  

SafetyAnalysisResult 

  

Aggregation    

Source -> Destination  

MalfunctionInstanceRef 

  

MalfunctionMapping 

  

Association    

Source -> Destination  

MalfunctionInstanceRef 

  

ErrorModelPrototype 

  

      

 

Package Hardware  
 

Package Notes: 

This package describes the top-level package for all meta model extension regarding hardware, developed 

in WT 3.2.2. 
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Package Failure  

 

Package Notes: 

This sub-package describes the failure model of the hardware as derived from the requirements of the ISO 

26262. 

 

 

Figure 33: FailureAnalysis - (Class diagram)  

 

Diagram Notes: 

This diagram shows an overview of the hardware component failure extension root information where 

hardware related failure data and analysis shall be performed. 

class FailureAnalysis

Identifiable

Malfunction::

MalfunctionPrototype

+ genericDescription  :String

Identifiable

HWSafetyAnalysisResult

Identifiable

HWQuantitativ eMeasure::

HWQuantitativ eFailureAnalysis

Identifiable

Referrable

HWComponentQuantifiedFMFromPart

+ lambdaFailureMode  :Float

+ failureLogic  :String [0..1]

SafetyAnalysis::

SafetyAnalysisResult

+hardwareQuantitativeFailureAnalysis

0..1

çinstanceRefè

+targetMalfunction

1

+hardwareComponentQuantifiedFM

0..*
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Figure 34: FailureCalculatedFromPart - (Class diagram)  

 

Diagram Notes: 

This diagram shows the instance reference of a failure mode of a hardware component on higher level and 

its interference with hardware element part calculations. 

Class HWComponentQuantifiedFMFromPart 

Element Base Classes: Identifiable, Referrable 

 

Element Notes: 

This class describes the quantified failure rate of a failure mode of a HWComponent based on the 

contribution of each HWPartFailureMode of the related HWPart as AUTOSAR HW Element (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. 

 

class FailureCalculatedFromPart

Identifiable

Referrable

HWComponentQuantifiedFMFromPart

+ lambdaFailureMode  :Float

+ failureLogic  :String [0..1]

Identifiable

Referrable

SafetyAnalysis::MalfunctionClassification

+ classification  :MalfunctionClassificationEnum

1

+classification 0..1
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During modeling a design rule must be ensured that AutosarHWElementType  used as BaseHwElement 

for the instanceRef relation is the same as the root hierarchy on the HwElement creation 

 

 

Connections 

Connector Source Target 

Association    

Source -> Destination  

HWComponentQuantifiedFMFrom

Part 

  

MalfunctionClassification 

  

Generalization    

Source -> Destination  

HWComponentQuantifiedFMFrom

Part 

  

Identifiable 

  

Aggregation    

Source -> Destination  

HWComponentQuantifiedFMFrom

Part 

  

HWSafetyAnalysisResult 

  

Association    

Unspecified  

HWPartFailureAnalysis 

  

HWComponentQuantifiedFMFromPar

t 

  

Generalization    

Source -> Destination  

HWComponentQuantifiedFMFrom

Part 

  

Referrable 

  

 

Attributes 

Attribute  Notes Default  

lambdaFailureMode 

Float 

This attribute contains the quantified failure rate for the 

corresponding failure mode of the hardware component. 

 

failureLogic  

String 

Define the specification of HWPartFailureMode 

contribution to HWFailureMode of the above abstraction 

layer (Block)on an external formalism or the path to the file 

containing the external specification. 

 

 

Class HWSafetyAnalysisResult 

Element Base Classes: Identifiable, SafetyAnalysisResult 

 

Element Notes: 

This class represent the container for all Hardware Failure Analysis. 

Each safety goal (as malfunction) must lead to a safety analysis, so this class contains all the information 

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

- the HwComponentPrototypeScope to identify all hardware component specific to the context as 

HWComponentProtype inside a type composition 

- the HWQuantifiedFailure Analysis performed on the level of the composition 

 

 

Connections 

Connector Source Target 

Association    

Unspecified  

HWQuantitativeFailureAnalysis 

  

HWSafetyAnalysisResult 

  

Aggregation    

Source -> Destination  

HWComponentQuantifiedFMFrom

Part 

  

HWSafetyAnalysisResult 

  

Generalization    

Source -> Destination  

HWSafetyAnalysisResult 

  

SafetyAnalysisResult 

  

Generalization    

Source -> Destination  

HWSafetyAnalysisResult 

  

Identifiable 

  

  

 

Enumeration HWMultiplePointFaultEnum 

Element Base Classes:  

 

Element Notes: 

 

 

 

 

Attributes 

Attribute  Notes Default  

noMultiplePointFault  

 

  

DualPointFault 

 

  

TriplePointFault  
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Attribute  Notes Default  

othersOrderPointFault 

 

  

 

Package FailurePart  

 

Package Notes: 

 

 

 

Figure 35: FailurePartAnalysis - (Class diagram)  

class FailurePartAnalysis

Identifiable

HWPartFailureAnalysis

HWElementPrototypeScope

+ safetyRelated  :Boolean

Identifiable

Malfunction::

MalfunctionPrototype

+ genericDescription  :String

Identifiable

Referrable

Failure::

HWComponentQuantifiedFMFromPart

+ lambdaFailureMode  :Float

+ failureLogic  :String [0..1]

AutosarSafetyExtension

ImplementationSafetyExtension::

AutosarHardwareSafetyExtension

AutosarReference

AUTOSARReferences::

HwElementPrototype

çinstanceRefè

+scope 1

+hwElementScope 0..*

çinstanceRefè

+malfunctionPartAnalysis

1

+quantifiedHardwareFMFromPart
0..1

+hardwarePartSafetyAnalysis 0..*
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Diagram Notes:  

 

 

Figure 36: PartFailure  - (Class diagram)  

 

Diagram Notes: 

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

higher level. 

class PartFailure

Identifiable

HWPartFailure

HWPartFailureMode

+ partFailureModeType  :String

+ FailureRateDistribution  :Integer

+ partPotentialCause  :String

HWPartFailureRate

+ rationaleScalingFactor  :String

+ scalingFactor  :Float = 1.0

+ source  :String

+ value  :Float

AutosarSafetyExtension

ImplementationSafetyExtension::

AutosarHardwareSafetyExtension

+hwPartFailureMode *

+hwPartFailureRate

1

+ramdomHardwarePartFailure 0..1
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Figure 37: HwPartContributionToComponent  - (Class diagram)  

 

Diagram Notes: 

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

higher level. 

Class HWElementPrototypeScope 

Element Base Classes:  

 

Element Notes: 

class HwPartContributionToComponent

HWPartFailureMode

+ partFailureModeType  :String

+ FailureRateDistribution  :Integer

+ partPotentialCause  :String

HWPartFailureRate

+ rationaleScalingFactor  :String

+ scalingFactor  :Float = 1.0

+ source  :String

+ value  :Float

Identifiable

Referrable

Failure::

HWComponentQuantifiedFMFromPart

+ lambdaFailureMode  :Float

+ failureLogic  :String [0..1]
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This class describes the context for the definition of a hardware Element. 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 must be ensured that HWElementType used as BaseHwComponent for the 

instanceRef relation is the same as the root hierarchy on the HwElementPrototypeScope creation 

 

 

Connections 

Connector Source Target 

Association    

Unspecified  

HWElementPrototypeScope 

  

HWPartFailureAnalysis 

  

Dependency    

Source -> Destination  

HWElementPrototypeScope 

  

HwElementPrototype 

  

Association    

Unspecified  

HWElementPrototypeScope 

  

HWElementScopeInstanceRef 

  

 

Attributes 

Attribute  Notes Default  

safetyRelated 

Boolean 

This attribute stores the contribution of the HWElement to a 

malfunction as a boolean information 

 

 

Class HWPartFailure 

Element Base Classes: Identifiable 

 

Element Notes: 

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

failure mode. 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

HWPartFailureRate 

  

HWPartFailure 

  

Association    

Unspecified  

HWPartFailure 

  

AutosarHardwareSafetyExtension 
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Connector Source Target 

Aggregation    

Source -> Destination  

HWPartFailureMode 

  

HWPartFailure 

  

Generalization    

Source -> Destination  

HWPartFailure 

  

Identifiable 

  

  

 

Class HWPartFailureAnalysis 

Element Base Classes: Identifiable 

 

Element Notes: 

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

malfunction. 

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

the information related to the analysis as : 

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

- the HwElementPrototypeScope to identify all hardware Autosar Element specific to the context as 

HWComponentPrototype inside a type composition 

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

hardware part for contribution to the malfunction 

 

 

Connections 

Connector Source Target 

Association    

Unspecified  

HWElementPrototypeScope 

  

HWPartFailureAnalysis 

  

Aggregation    

Source -> Destination  

MalfunctionInstanceRef 

  

HWPartFailureAnalysis 

  

Generalization    

Source -> Destination  

HWPartFailureAnalysis 

  

Identifiable 

  

Association    

Unspecified  

AutosarHardwareSafetyExtension 

  

HWPartFailureAnalysis 

  

Dependency    

Source -> Destination  

HWPartFailureAnalysis 

  

MalfunctionPrototype 

  

Association    

Unspecified  

HWPartFailureAnalysis 

  

HWComponentQuantifiedFMFromPar

t 



SAFE - an ITEA2 project  D3.5.d 

 

â 2011-2014 The SAFE Consortium        147 
(290) 

Connector Source Target 

  

  

 

Class HWPartFailureMode 

Element Base Classes:  

 

Element Notes: 

This class describes HWPartFailureModes of a HWPart as AUTOSAR HWElement. It aso captures the 

potential cause for a HWFailureMode as String (for documentation). 

 

Each HWPartFailureMode of the Autosar HardwareElement must define a relation and contribution to a 

HWFailureMode of HardwareComponent (from hardware design level). 

 

The HWFailureMode and HWFailureRateDistribution can be derived from e.g. Industry Source. 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

HWPartFailureMode 

  

HWPartFailure 

  

 

Attributes 

Attribute  Notes Default  

partFailureModeType 

String 

This attribute textually describes the type of a failure mode 

of a HWPart element (e.g. "ShortCircuit" for a resistor). 

 

FailureRateDistribution  

Integer 

This attribute describes the distribution of the failure rate of 

the HWPart element for the specific hardware part failure 

mode in percentage. 

 

partPotentialCause 

String 

This attribute allows the documentation of the potential 

cause of the HWPart failure mode (e.g. high temperature). 

 

 

Class HWPartFailureRate 

Element Base Classes:  

 

Element Notes: 
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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. 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

HWPartFailureRate 

  

HWPartFailure 

  

 

Attributes 

Attribute  Notes Default  

rationaleScalingFactor 

String 

The rationaleScalingFactor shall provide a rationale, if a 

scaling factor different to 1.0 is applied. 

 

scalingFactor 

Float 

The scalingFactor allows potential scaling between different 

sources of failure rates as described in ISO Part 5 Annex F. 

1.0 

source 

String 

FIT rate source shall documented according to possible 

source as described in ISO 26262 Part 5 8.4.3: 

a) failure rate from industry source (IEC/TR 62380, IEC 

61709, ...) 

b) statistic based on return field or test 

c) Expert judgement 

 

value 

Float 

FIT rate for the hardware part element. 

 

It shall be expressed in FIT. 

 

 

Package _instanceRef  

 

Package Notes: 
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Figure 38: HWPartFailureAnalysis  - (Class diagram)  

 

Diagram Notes:  

 

 

Figure 39: HwElementPrototypeScope - (Class diagram)  

 

Diagram Notes: 

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

Hardware Part. 

Class HWElementScopeInstanceRef 

Element Base Classes:  

 

Element Notes: 

class HWPartFailureAnalysis

Identifiable

FailurePart::

HWPartFailureAnalysis

çinstanceRefè

_instanceRef::

MalfunctionInstanceRef

Identifiable

Malfunction::

MalfunctionPrototype

+ genericDescription  :String

Identifiable

ErrorModelType::

ErrorModelPrototype

çinstanceRef.targetè

+malfunction 1

çinstanceRef.contextè

+errorModelPrototype

0..*

+malfunctionPartAnalysis

1

çinstanceRefè

+malfunctionPartAnalysis

1

class HwElementPrototypeScope

çInstanceRefè

HWElementScopeInstanceRef

AutosarReference

AUTOSARReferences::

HwElementPrototype

AutosarReference

AUTOSARReferences::

HwElementType

FailurePart::

HWElementPrototypeScope

+ safetyRelated  :Boolean

çinstanceRef.baseè

+base

0..1

çinstanceRef.contextè

+context

0..1

çinstanceRef.targetè

+target

1

+scope
1

çinstanceRefè

+scope

1
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This "instanceRef" meta-class is the container for holding the relation of HWElementScope in context of 

AutosarHWElementPrototype 

 

 

Connections 

Connector Source Target 

Association    

Source -> Destination  

HWElementScopeInstanceRef 

  

HwElementPrototype 

  

Association    

Source -> Destination  

HWElementScopeInstanceRef 

  

HwElementType 

  

Association    

Source -> Destination  

HWElementScopeInstanceRef 

  

HwElementPrototype 

  

Association    

Unspecified  

HWElementPrototypeScope 

  

HWElementScopeInstanceRef 

  

      

 

Package HWQuantitativeMeasure  

 

Package Notes: 

This sub-package contains the storage and classification of the safety evaluation. In addition it includes the 

single failure mode contribution as basis for the concrete evaluation. 
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Figure 40: HWQuantitativeMeasure - (Class diagram)  

 

Diagram Notes: 

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

Clause 9. 

Class HWArchitecturalMetrics 

Element Base Classes:  

 

Element Notes: 

This class represents an abstract definition of all quantified failure analysis required by the ISO Part 5 

Clause 8. This class allows to map all meta class for the HWArchitecturalMetrics also described in the ISO 

Part 5-Annex C (Single-Point-Fault Metric, Latent-Fault Metric).  

 

Each HWQuantifiedFailureAnalysis belongs to exactly one malfunction (link to violation of a SafetyGoal). 

The ASIL-TargetValue (e.g. ASIL-D) is derived from the SafetyGoal. 

 

 

Connections 

Connector Source Target 

class HWQuantitativ eMeasure

HWArchitecturalMetrics::

HWSinglePointFaultMetric

+ calculatedValue  :Float

HWArchitecturalMetrics::HWLatentFaultMetric

+ calculatedValue  :Float

HWArchitecturalMetrics

Identifiable

HWQuantitativ eFailureAnalysis

HWProbabilisticValue

Identifiable

ProbabilisticMethods::HWPMHF

+ calculatedValue  :Float

+ rationaleDedicatedMeasures  :String

+ exposureTime  :Float

+ rationaleExposureTime  :String

Identifiable

ProbabilisticMethods::

HWFailureClassContainer

+ rationaleCutSet  :String

+ relevantCutSet  :Integer = 100

Identifiable

SafetyAnalysisResult

Failure::HWSafetyAnalysisResult

+hwSinglePointFaultMetric 1 +hwLantentFaultMetric1

+hwArchitecturalMetrics 1

+hardwareQuantitativeFailureAnalysis 0..1

+hwProbalisticValue 1

+hwPMHF 0..1 +hwFailureClassContainer
0..1
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Connector Source Target 

Aggregation    

Source -> Destination  

HWSinglePointFaultMetric 

  

HWArchitecturalMetrics 

  

Aggregation    

Source -> Destination  

HWArchitecturalMetrics 

  

HWQuantitativeFailureAnalysis 

  

Aggregation    

Source -> Destination  

HWLatentFaultMetric 

  

HWArchitecturalMetrics 

  

  

 

Class HWProbabilisticValue 

Element Base Classes:  

 

Element Notes: 

This class represents an abstract definition of all failure analysis required by the ISO Part 5 Clause 9. This 

class allows to map all meta class for the evaluation of safety goal violation (PMHF and Failure Rate Class).  

 

Each HWQuantifiedFailureAnalysis belongs to exactly one malfunction (link to violation of a SafetyGoal). 

The ASIL-TargetValue (e.g. ASIL-D) is derived from the SafetyGoal. 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

HWProbabilisticValue 

  

HWQuantitativeFailureAnalysis 

  

Aggregation    

Source -> Destination  

HWPMHF 

  

HWProbabilisticValue 

  

Aggregation    

Source -> Destination  

HWFailureClassContainer 

  

HWProbabilisticValue 

  

  

 

Class HWQuantitativeFailureAnalysis 

Element Base Classes: Identifiable 

 

Element Notes: 

This class represent the container for all quantified failure analysis required by the ISO 26262 Part 5 for a 

dedicated SafetyGoal. This class allows to cluster all meta class  for the HWArchitecturalMetrics 
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described in the ISO Part 5 Clause 8 (Single-Point-Fault Metric, Latent-Fault Metric) and probabilistic 

value for violation of safety goal (PMH) or Failure Class Method described in the ISO Part 5 Clause 9. 

 

Each HWFailureAnalysis belongs to exactly one SafetyGoal. The ASIL-TargetValue (e.g. ASIL-D) is 

derived from the SafetyGoal. 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

HWProbabilisticValue 

  

HWQuantitativeFailureAnalysis 

  

Association    

Unspecified  

HWQuantitativeFailureAnalysis 

  

HWSafetyAnalysisResult 

  

Generalization    

Source -> Destination  

HWQuantitativeFailureAnalysis 

  

Identifiable 

  

Aggregation    

Source -> Destination  

HWArchitecturalMetrics 

  

HWQuantitativeFailureAnalysis 

  

    

 

Package HWArchitecturalMetrics  

 

Package Notes: 

This sub-package describes the hardware architectural metrics as claimed by ISO 26262 Part 5 Clause 8. A 

detailed description of the architectural metrics can be found in ISO 26262 Part 5 Annex C. 

 

Class HWLatentFaultMetric 

Element Base Classes:  

 

Element Notes: 

This class is the representation of the latent fault metric, demanded by ISO Part 5 Clause 8. The latent fault 

metric describes the robustness of the hardware architecture to cope with multiple-point latent faults (also 

see ISO Part 5 Annex C). 

 

The calculation is included in the class HWLatentFaultMetricFormula. 
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Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

HWLatentFaultMetric 

  

HWArchitecturalMetrics 

  

 

Attributes 

Attribute  Notes Default  

calculatedValue 

Float 

The calculatedValue is the result of the calculation of the 

latent fault metric (in %). 

 

 

Class HWSinglePointFaultMetric 

Element Base Classes:  

 

Element Notes: 

This class is the representation of the single-point fault metric, demanded by ISO Part 5 Clause 8. The 

single-point fault metric describes the robustness of the hardware architecture to cope with single-point and 

residual faults (also see ISO Part 5 Annex C). 

 

The calculation is included in the class HWSinglePointFaultMetricFormula. 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

HWSinglePointFaultMetric 

  

HWArchitecturalMetrics 

  

 

Attributes 

Attribute  Notes Default  

calculatedValue 

Float 

The calculatedValue is the result of the calculation of the 

single-point fault metric (in %). 

 

 

Package ProbabilisticMethods  

 

Package Notes: 

This sub-package describes the residual risk of safety goal violation due to random hardware failures as 

claimed by ISO 26262 Part 5 Clause 9. This contains the probabilistic metric for random hardware failures 

(PMHF) and as an alternative the failure rate class method (FRC). 
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Figure 41: ProbabilisticMethods - (Class diagram)  

 

Diagram Notes: 

This diagram contains the evaluation of safety goal violation according to ISO 26262 Part 5 Clause 9. This 

contains the PMHF and the FRC. 

Class HWElementFailureRateClass 

Element Base Classes: Identifiable 

 

Element Notes: 

class ProbabilisticMethods

Identifiable

HWPMHF

+ calculatedValue  :Float

+ rationaleDedicatedMeasures  :String

+ exposureTime  :Float

+ rationaleExposureTime  :String Identifiable

HWElementFailureRateClass

+ hwElementFailureClass  :HWValuesFailureRateClassEnum

+ hwElementLatentDiagnosisCoverage  :Float

+ hwElementResidualDiagnosisCoverage  :Float

+ LFTargetFailureRateClass  :HWLFTargetFailureRateClassEnum

+ rationaleDedicatedMeasures  :String

+ rationaleFailureRateClass  :String

+ RFTargetFailureRateClass  :HWRFTargetFailureRateClassEnum

+ SPFTargetFailureRateClass  :HWSPFTargetFailureRateClassEnum

çenumerationè

HWValuesFailureRateClassEnum

 FailureRateClass1 = FR_TargetValue ...

 FailureRateClass2 = FailureRateClas...

 FailureRateClass3 = FailureRateClas...

 FailureRateClass4 = FailureRateClas...

 FailureRateClass5 = FailureRateClas...

Identifiable

HWFailureClassContainer

+ rationaleCutSet  :String

+ relevantCutSet  :Integer = 100

çenumerationè

HWSPFTargetFailureRateClassEnum

 OutOfScope = Not Relevant

 ASIL_D = FRClass1 + DM

 ASIL_C = (FRClass2 + DM)...

 ASIL_B = FRClass2 or FRCass1

çenumerationè

HWRFTargetFailureRateClassEnum

 OutOfScope = Not relevant

 ASIL_D_and_RDC_GTEQ_99_dot_99pct = FRClass5

 ASIL_D_and_RDC_GTEQ_99_dot_9pct = FRClass4

 ASIL_D_and_RDC_GTEQ_99pct = FRClass3

 ASIL_D_and_RDC_GTEQ_90pct = FRClass2

 ASIL_D_and_RDC_LT_90pct = FRClass1 + DM

 ASIL_C_and_RDC_GTEQ_99_dot_9pct = FRClass5

 ASIL_C_and_RDC_GTEQ_99pct = FRClass4

 ASIL_C_and_RDC_GTEQ_90pct = FRClass3

 ASIL_C_and_RDC_LT_90pct = FRClass2 + DM

 ASIL_B_and_RDC_GTEQ_99_dot_9pct = FRClass5

 ASIL_B_and_RDC_GTEQ_99pct = FRClass4

 ASIL_B_and_RDC_GTEQ_90pct = FRClass3

 ASIL_B_and_RDC_LT_90pct = FRClass2

çenumerationè

HWLFTargetFailureRateClassEnum

 OutOfScope = Not Relevant

 ASIL_D_and_LDC_GTEQ_99pct = FRClass4

 ASIL_D_and_LDC_GTEQ_90pct = FRClass3

 ASIL_D_and_LDC_LT_90pct = FRClass2

 ASIL_C_and_LDC_GTEQ_99pct = FRClass5

 ASIL_C_and_LDC_GTEQ_90pct = FRClass4

 ASIL_C_and_LDC_GTEQ_80pct = FRClass3

 ASIL_C_and_LDC_GT_80pct = FRClass2

Dependency from 

HWFailureClassContributionFormula to 

HWValuesFailureRateClassEnum (multiplicity *) 

(Rolename: failureRateClassThreshold)

Dependency from HWValuesFailureRateClassEnum 

(multiplicity 1) to HWFailureClassContainer 

(multiplicity 1) (Rolename: relevantCutSetValue

+hwelementFailureRateClass *
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This class describes for a HWComponent, the FailureRateClass element to evaluate measure for a 

malfunction (link to violation of a safety goal) for a single element. This violation is based on failure rate 

class according to context of evaluation such as ASIL level, list of HWFault and diagnosis coverage of the 

HWComponent as HW Element.  It allows also storing the target for failure rate class, relevant or not 

depending of the possible HWFault of the failure mode of the HWComponent as  hardware Element. 

Furthermore if dedicated measures (DM) are required due to failure class target matching and the necessary 

information are captured as a textual description. 

 

The calculation of the attribute HWElementFailureClass and HWElementDiagnosisCoverage is derived 

from the Formula Expression FMSingleContributionFormula. 

 

 

Connections 

Connector Source Target 

Generalization    

Source -> Destination  

HWElementFailureRateClass 

  

Identifiable 

  

Aggregation    

Source -> Destination  

HWElementFailureRateClass 

  

HWFailureClassContainer 

  

 

Attributes 

Attribute  Notes Default  

hwElementFailureClass 

HWValuesFailureRateClass

Enum 

Failure Rate Class taken from HWValuesRateClassEnum 

based on the failure rate of the hardware component. 

 

hwElementLatentDiagnos

isCoverage 

Float 

The diagnostic coverage with respect to latent faults on 

hardware element level, calculated with the specific failure 

rate of all latent multiple-point faults and the overall failure 

rate of the hardware part element. 

 

hwElementResidualDiagn

osisCoverage 

Float 

The diagnostic coverage with respect to residual faults on 

hardware element level, calculated with the specific failure 

rate of all single-point and residual faults and the overall 

failure rate of the hardware part element. 

 

LFTargetFailureRateClas

s 

HWLFTargetFailureRateCl

assEnum 

Target Failure Rate Class for multiple-point latent faults, 

taken from HWLFTargetFailureRateClassEnum. 

 

rationaleDedicatedMeasu

res 

String 

Provides rationale for dedicated measures, if required. 

 

According to ISO 26262 Part 5 9.4.2.4, examples for 

dedicated measures are 
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Attribute  Notes Default  

 

a) design features such as hardware part over design (e.g. 

electrical or thermal stress rating) or physical separation 

(e.g. spacing of contacts on a printed circuit board);  

b) a special sample test of incoming material to reduce the 

risk of occurrence of this failure mode;  

c) a burn-in test;  

d) a dedicated control set as part of the control plan; and  

e) assignment of safety-related special characteristics.  

rationaleFailureRateClass 

String 

Rationale for matching criteria on Failure Rate Class.  

RFTargetFailureRateClas

s 

HWRFTargetFailureRateCl

assEnum 

Target Failure Rate Class for residual faults, taken from 

HWRFTargetFailureRateClassEnum. 

 

SPFTargetFailureRateCla

ss 

HWSPFTargetFailureRateC

lassEnum 

Target Failure Rate Class for single-point faults, taken from 

HWSPFTargetFailureRateClassEnum. 

 

 

Class HWFailureClassContainer 

Element Base Classes: Identifiable 

 

Element Notes: 

This class is container to store all HW element  failure class results and associated assumptions taken 

(number of cut-set as typical). 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

HWFailureClassContainer 

  

HWProbabilisticValue 

  

Generalization    

Source -> Destination  

HWFailureClassContainer 

  

Identifiable 

  

Aggregation    

Source -> Destination  

HWElementFailureRateClass 

  

HWFailureClassContainer 
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Attributes 

Attribute  Notes Default  

rationaleCutSet 

String 

This attribute provides a textual rationale for the number of 

relevant cut-sets. 

 

relevantCutSet 

Integer 

This attributes stores the number of relevant cut sets. 100 

 

Enumeration HWLFTargetFailureRateClassEnum 

Element Base Classes:  

 

Element Notes: 

ISO 26262 Part 5 9.4.3.11 -Table 9 (Targets of failure rate class and coverage of hardware part regarding 

dual-point faults) 

 

DM: Dedicated measures 

LDC: Diagnostic coverage with respect to latent faults 

 

Additionally, OUT-OF-SCOPE was added. 

 

 

 

Attributes 

Attribute  Notes Default  

OutOfScope 

String 

This literal describes values which are out of scope for the 

analysis. 

Not Relevant 

ASIL_D_and_LDC_GTE

Q_99pct 

String 

This literal describes a single cell with value target failure 

rate class 4 in the table for ASIL-D and latent diagnostic 

coverage >= 99%. 

FRClass4 

ASIL_D_and_LDC_GTE

Q_90pct 

String 

This literal describes a single cell with value target failure 

rate class 3 in the table for ASIL-D and latent diagnostic 

coverage >= 90%. 

FRClass3 

ASIL_D_and_LDC_LT_9

0pct 

String 

This literal describes a single cell with value target failure 

rate class 2 in the table for ASIL-D and latent diagnostic 

coverage < 90%. 

FRClass2 
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Attribute  Notes Default  

ASIL_C_and_LDC_GTE

Q_99pct 

String 

This literal describes a single cell with value target failure 

rate class 5 in the table for ASIL-C and latent diagnostic 

coverage >= 99%. 

FRClass5 

ASIL_C_and_LDC_GTE

Q_90pct 

String 

This literal describes a single cell with value target failure 

rate class 4 in the table for ASIL-C and latent diagnostic 

coverage >= 90%. 

FRClass4 

ASIL_C_and_LDC_GTE

Q_80pct 

String 

This literal describes a single cell with value target failure 

rate class 3 in the table for ASIL-C and latent diagnostic 

coverage >= 80%. 

 

Rationale provided by ISO 26262 Part 5 9.4.3.9. 

FRClass3 

ASIL_C_and_LDC_GT_8

0pct 

String 

This literal describes a single cell with value target failure 

rate class 2 in the table for ASIL-C and latent diagnostic 

coverage < 80%. 

 

Rationale provided by ISO 26262 Part 5 9.4.3.9. 

FRClass2 

 

Class HWPMHF 

Element Base Classes: Identifiable 

 

Element Notes: 

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

9.4.2. 

 

A simplified alculation is included in the class HWPMHFFormula. 

 

 

Connections 

Connector Source Target 

Aggregation    

Source -> Destination  

HWPMHF 

  

HWProbabilisticValue 

  

Generalization    

Source -> Destination  

HWPMHF 

  

Identifiable 

  

 

Attributes 

Attribute  Notes Default  
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Attribute  Notes Default  

calculatedValue 

Float 

The calculatedValue is the result of the calculation of the 

PMHF (in FIT). 

 

rationaleDedicatedMeasu

res 

String 

The attribute rationaleDedicatedMeasures shall allow to 

define a rationale for applied dedicated measures in the 

design. 

 

exposureTime 

Float 

The exposure time is the duration of exposure, shall be 

expressed in h. 

 

rationaleExposureTime 

String 

The attribute rationaleExposureTime is for Documentation 

of rationale for Exposure Time. 

 

 

Enumeration HWRFTargetFailureRateClassEnum 

Element Base Classes:  

 

Element Notes: 

ISO 26262 Part 5 9.4.3.6 -Table 8 (Maximum failure rate classes for a given diagnostic coverage of the 

hardware part - residual faults). 

 

DM: Dedicated measures 

RDC: Diagnostic coverage with respect to residual faults 

 

This class describes the threshold for Residual Failure according to ASIL level and identifying Failure 

Class Rate limit (FRClassx) and Dedicated Measure (DM) if necessary. Notice that RDC is addressing the 

hwElementResidualDiagnosisCoverage parameter of the HWElementFailureRateClass 

 

Additionally, "OUT-OF-SCOPE" and "ASIL-D and RDC >=99.99%" according to ISO 26262 Part 5 

9.4.3.7. 

 

 

 

Attributes 

Attribute  Notes Default  

OutOfScope 

String 

This literal describes values which are out of scope for the 

analysis. 

Not relevant 

ASIL_D_and_RDC_GTE

Q_99_dot_99pct 

This literal describes a single cell with value target failure 

rate class 5 in the table for ASIL-D and residual fault 

diagnostic coverage >= 99.99%. 

FRClass5 
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Attribute  Notes Default  

String  

Failure Rate Class determined according to ISO 26262 Part 

5 9.4.3.7. 

ASIL_D_and_RDC_GTE

Q_99_dot_9pct 

String 

This literal describes a single cell with value target failure 

rate class 4 in the table for ASIL-D and residual fault 

diagnostic coverage >= 99.9%. 

FRClass4 

ASIL_D_and_RDC_GTE

Q_99pct 

String 

This literal describes a single cell with value target failure 

rate class 3 in the table for ASIL-D and residual fault 

diagnostic coverage >= 99%. 

FRClass3 

ASIL_D_and_RDC_GTE

Q_90pct 

String 

This literal describes a single cell with value target failure 

rate class 2 in the table for ASIL-D and residual fault 

diagnostic coverage >= 90%. 

FRClass2 

ASIL_D_and_RDC_LT_9

0pct 

String 

This literal describes a single cell with value target failure 

rate class 1 + dedicated measures in the table for ASIL-D 

and residual fault diagnostic coverage < 90%. 

FRClass1 + 

DM 

ASIL_C_and_RDC_GTE

Q_99_dot_9pct 

String 

This literal describes a single cell with value target failure 

rate class 5 in the table for ASIL-C and residual fault 

diagnostic coverage >= 99.9%. 

FRClass5 

ASIL_C_and_RDC_GTE

Q_99pct 

String 

This literal describes a single cell with value target failure 

rate class 4 in the table for ASIL-C and residual fault 

diagnostic coverage >= 99%. 

FRClass4 

ASIL_C_and_RDC_GTE

Q_90pct 

String 

This literal describes a single cell with value target failure 

rate class 3 in the table for ASIL-C and residual fault 

diagnostic coverage >= 90%. 

FRClass3 

ASIL_C_and_RDC_LT_9

0pct 

String 

This literal describes a single cell with value target failure 

rate class 2 + dedicated measures in the table for ASIL-C 

and residual fault diagnostic coverage < 90%. 

FRClass2 + 

DM 

ASIL_B_and_RDC_GTE

Q_99_dot_9pct 

String 

This literal describes a single cell with value target failure 

rate class 5 in the table for ASIL-B and residual fault 

diagnostic coverage >= 99.9%. 

FRClass5 

ASIL_B_and_RDC_GTE

Q_99pct 

String 

This literal describes a single cell with value target failure 

rate class 4 in the table for ASIL-B and residual fault 

diagnostic coverage >= 99%. 

FRClass4 

ASIL_B_and_RDC_GTE

Q_90pct 

String 

This literal describes a single cell with value target failure 

rate class 3 in the table for ASIL-B and residual fault 

diagnostic coverage >= 90%. 

FRClass3 
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Attribute  Notes Default  

ASIL_B_and_RDC_LT_9

0pct 

String 

This literal describes a single cell with value target failure 

rate class 2 in the table for ASIL-B and residual fault 

diagnostic coverage < 90%. 

FRClass2 

 

Enumeration HWSPFTargetFailureRateClassEnum 

Element Base Classes:  

 

Element Notes: 

ISO 26262 Part 5 9.4.3.5 -Table 7 (Targets of failure rate classes of hardware parts regarding single-point 

faults) 

 

DM: Dedicated measures 

 

Additionally, OUT-OF-SCOPE was added. 

 

 

 

Attributes 

Attribute  Notes Default  

OutOfScope 

String 

This literal describes values which are out of scope for the 

analysis. 

Not Relevant 

ASIL_D  

String 

This literal describes a single cell with value target failure 

rate class 1 + dedicated measures in the table for ASIL-D. 

FRClass1 + 

DM 

ASIL_C  

String 

This literal describes a single cell with value target failure 

rate class 2 + dedicated measures or failure rate class 1 in the 

table for ASIL-C. 

(FRClass2 + 

DM) or 

FRClass1 

ASIL_B  

String 

This literal describes a single cell with value target failure 

rate class 2 or failure rate class 1 in the table for ASIL-B. 

FRClass2 or 

FRCass1 

 

Enumeration HWTargetValuesPMHFEnum 

Element Base Classes:  

 

Element Notes: 

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

(ppm/h) or FIT. 
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ASIL-D = 1.10-8 h-1 = 10 ppm/h 

ASIL-C = ASIL-B = 1.10-7 => 100 ppm/h 

 

 

 

Attributes 

Attribute  Notes Default  

ASIL_D  

Float 

This attributes stores target value for PMHF for ASIL-D. 10.0 

ASIL_C  

Float 

This attributes stores target value for PMHF for ASIL-C. 100.0 

ASIL_B  

Float 

This attributes stores target value for PMHF for ASIL-B. 100.0 

 

Enumeration HWValuesFailureRateClassEnum 

Element Base Classes:  

 

Element Notes: 

FailureRateClass value correspond to the maximum value applied in the Failure Rate Class X considering 

that lower value is Class X-1 (and 0 for class 1). The failure rate class values are determined according to 

ISO 26262 Part 5 9.4.3.3. 

 

Failure Class are based on the number of relevant cutset. 

 

 

 

Attributes 

Attribute  Notes Default  

FailureRateClass1 

Float 

This attribute contains the maximum value for failure rate 

class 1 ranking (in FIT).  

It is computed from the allocated FIT rate to the analysis (as 

targetValue of HWFailureClassContainer) derided by the 

number of relevant cut-set of the analysis (as relevantCutSet 

of HWFailureClassContainer) 

FR_TargetVa

lue / 

relevantCutS

et 

FailureRateClass2 

Float 

This attribute contains the maximum value for failure rate 

class 2 ranking (in FIT). 

FailureRateC

lass1 * 10 




