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EAST-ADL defines an

Engineering information structure
O Feature content
O Functional content

9' O Software architecture
,'_
o)
5 O Requirements
O Variability
O Safety information
O V&V Information
¢ O Behavior
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3
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EAST-ADL vs AUTOSAR

EAST-ADL
For Features, Functional Architecture and Topology

AUTOSAR
For Software Architecture and Execution Platform

E/AST-ADL
AUTOSAR

EAST-ADL Introduction: Support for 1ISO26262 6



4 MAEN/\D

EEEEEEEEEEEEEEEE
RRRRRRRRR

EAST-ADL vs AUTOSAR

® Different Abstraction Levels:
O EAST-ADL complements AUTOSAR with “early phase”
Information
® Different Engineering Information Scope:

O EAST-ADL complements AUTOSAR
® Requirements Engineering
® Variant Management
® Behaviour (nominal/error)
® Timing
® Safety

® Same Meta-Metamodel
O Enterprise Architect model used for both
O Same file exchange ARXML-EAXML
O Same tool infrastructure possible ARTOP-EATOP

EAST-ADL Introduction: Support for 1ISO26262 7
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ISO 26262 reference life cycle

I 1. Vocabulary l
2. Management of functional safety
P 2-7 Safety management after release for
2-5 Overall safety management 2-6 Safety management duting item development production
3. Concept phase 4. Product development at the system level roduction and operation
3-5 ltem definition igﬂt'gt%oedgfst;tem o |"""1 Release for productio Production
S ¢ Operation, service
3-6 Initiation of the safety lifecycle tion of the technical {maintenance and repair), and
decommissioning
3-7 Hazard analysis and risk
assessment
3-8 Functional safety
concept
-9 Evaluation of violafion 0 | :

safety goal due to random H fiveare unit testing

failures ; 1

510 Hardware integration an Software integration and

testing ng

11 Verification ofsoftware safety
quirements
8. Supperting processes
[8-5 Interfaces within distributed developments 8-10 Documentation
|3-ﬁ Specification and management of safety requirements 8-11 Confidence in the usage of software tools
|8-7 Configuration management 8-12 Qualification of software components
|8-8 Change management 8-13 Qualification of hardware components
|8-9 Verification |8-14 Proven in use argument
9. ASIL-oriented and safety-oriented analyses

[9-5 Requirements decomposition with respect to ASIL tailoring | [9-7 Analysis of dependent failures |
|9-6 Criteria for coexistence of elements | |9-8 Safety analyses |

I 10. Guideline on ISO 26262 I

EAST-ADL Introduction: Support for 1ISO26262
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Six 1S026262 Concerns

1. Concept Phase — Safety Goals
O Risk assessment

2. Concept Phase — Functional Safety Concept
O Topology-independent Solution

3. Product Development — Technical Safety Concept
O Preliminary System solution

4. Product Development — Hardware and Software
O Detailed hardware and software architecture

5. Safety Element out of Context
O Matching ASIL with ASIL

6. Supplier-OEM Exchange
O Matching ASIL with ASIL

EAST-ADL Introduction: Support for 1ISO26262 10
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ISO 26262 - What to handle for each phase
—

3-7 Hazard analysis and
risk assessment

Hazard analysis and risk
assessment

Focus on functional
objectives and not

~ . technological solutions
3-7 Hazard analysis and

risk assessment

\ of safetW
/
y  ——

pecification
\
/ A . . .
3-8 Functional safety Real_lzatlon by high level
concept architectural elements

Specification of functional safet without notion of HW
. requirements

Concept phase

N

Introducing HW & SW

4-6 Specification of . .
in architecture

technical safety requirements

Specification of technical safety
requirements

A Implementation

Specification and management of safety requirements

8-6 Specification and management of safety requirements

5-6 Specification of hardware 6-6 Specification of software of SW/HW
safety requirements safety requirements
Hardware safety requirements Software safety requirements
12

< Product development <;<
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What to handle on each abstraction level

E/NST-ADL
’(—'\ Focus on functional
|_—1 objectives and not
_—| technological solutions
thlcle Level>/
@alyss LevD\\\ _ _
Realization by high level
architectural elements

Design Level without notion of HW

Implementation Level Introducing HW & SW
in architecture

Operational Level

Implementation
of SW/HW

EAST-ADL Introduction: Support for 1ISO26262 13



|
|
SEVENTH FRAMEWORK
PROGRAMME

1. Safety Goals: Vehicle Level

® Part 3.7 artifacts in EAST-ADL

SystemModel
Vehicle VehicleLevel
Level TechnicalFeatureModel
S -
Analysis s AnalysisLevel < 2
Level o ) ) _ qé» N Wl 3
S FunctionalAnalysisArchitecture B £l =
: HIENEE:
c sl || F|]| &
o o 0 Q (L) ()
Design = DesignLevel x<||> a
Level S FunctionalDesignArchitecture
HardwareDesignArchitecture
Implementation ImplementationLevel
Level AUTOSAR AUTOSAR Basic AUTOSAR
Application SW SW HW
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ltem Definition

VehicleLevel DemoVehicleVL

TechnicalFeatureModel ;
{ VehicleRoot }

Requirements

Requirement
PB force shall be
applied when parking
brake function is active

Satisfy T

{ CruiseControl } {ActiveSuspension} { ServiceBrake H ParkingBrake }

Dependability
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T

T E
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Item
ltemSB
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Preliminary Hazard Analysis

Vehicle
FeatureModel

Feature
ParkingBrake

‘ Feature
ServiceBrake

Dependability

Requirement

‘ from r

‘ FeatureFlaw
BrakeForceDeviates

Item ‘ ‘ Iltem
‘ ItemPB ItemSB
]
|
Satisfy

Brake force shall be
applied when brakes

equest >60%

Hazard

SuddenLossofBraking

|

NonFulfilledRequirement

HazardousEvent

+ SuddenLossofBrakinginSlope
+ Controllability=C3
+ Severity=S3

+ AS

+ Exposure=E4

IL=ASILC

DerivedFrom

EnvironmentSituation[

OperatlngMOde{ BrakeActivated }

1

Slope J

TrafficSituation N

OperatingSituationUseCase |
1

1

AdjacentVehicle }

are activated

SafetyGoal
+ EPB_Goall
+ Brake force shall not be
below 40% of driver
request
+ ASIL=ASIL C
+ safeState: none

HighwayDriving

-
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2. Functional Safety Concept: Analysis Level

® Part 3.8 artifacts in EAST-ADL

SystemModel
Vehicle VehicleLevel
Level TechnicalFeatureModel
o
. o : %
Analysis S AnalysisLevel = £
Level o ) ) _ GE) N Wl 3
S FunctionalAnalysisArchitecture B cl|l =
S =Sl €]l ¢
. ) ) o|| < — o
Design = DesignlLevel z||S a
Level S FunctionalDesignArchitecture 1
HardwareDesignArchitecture
Implementation ImplementationLevel
Level AUTOSAR AUTOSAR Basic AUTOSAR
Application SW SW HW
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Safety Modelling — Basic Concept

"How sure can | be
to avoid something

. unsafe,
SafetyConstraint

and where In the

ASILValue :
\ _ architecture does
FaultFailure

EAST-ADL AUTOSAR
N ErrorModel ErrorModel
Dependability |
“Core Model” ‘L : A4

el

EAST-ADL ‘core” |  AUTOSAR corel,....
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Functional Safety Concept

TechnicalFeatureModel

Feature

ItemServiceBrake

ParkingBrake ~ Feature

Satisfy

ServiceBrake k

ItemParkingBrake

Dependability

SafetyGoal
EPB_SG1
ASIL=ASILC

Requirement
Brake force shall not be

FunctionalAnalysisArchitecture

BrakeFunction /

below 40% of driver
request

Goal

DeriveReq

| Satisfy
| \ \

| A \

| \ \

Requirement
Brake command shall not

deviate more than 60% from

requested braking level

FunctionaSafetyRequirement

| \ \

/

BrakeRequest
Brake Pedal

AN

ServiceBrakeCtrl BrakeGovernor ®% BrakeActuator

T Refi

neReq—

DeriveReq

SafetyConstraint
ASIL=C

[ DeriveReq

Satisfy ‘

Requirement

Brake request shall not deviate ‘
more than 60% from pedal

FunctionaSafetyRequirement

FunctionaSafetyRequirement

command
Requirement

Satisfy BrakeActuator force shall not

. deviate more than 60% from
RefineReq requested level
RefineReq

1
SafetAy;EE?:tramt SafetyConstraint

B ASIL=C

FunctionalSafetyConcept

ServiceBrake
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Functional Safety Requirement

Functional Dependability

Analysis Redui
i equirement
Architecture BrakeActuator force shall not
deviate more than 60% from
requested level

Refine‘Req
SafetyConstraint
BrakeFunction BrakeErrorModel ASIL=C
Target
KX FaultFailure
_ BrakeOmission
ServiceBrakeErrorModel [ BrakeActuationErrorModel & >E9 Value=Dev60%
L»i Brake_ActivationFailure
Activation_Fault
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3. Technical Safety Concept: Design Level

® Part 4 artifacts in EAST-ADL

SystemModel
Vehicle VehicleLevel
Level TechnicalFeatureModel
o
. -8 ] >
Analysis S AnalysisLevel = i
Level o ) ) _ qé N Wl 3
S FunctionalAnalysisArchitecture B cl|l =
£ slla || gll €
, S _ IR
Design = DesignlLevel z||S a
L & “ FunctionalDesignArchitecture 1
HardwareDesignArchitecture
Implementation ImplementationLevel
Level AUTOSAR AUTOSAR Basic AUTOSAR
Application SW SW HW

“ Data exchange over ports l Allocation
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Dependability

FunctionalSafetyConcept
ServiceBrake

\
FunctionaSafetyRequirement

PedalCollector

Brak)JFunction
\

BrakeRequest

( PedalSensor ]—q

FunctionalAnalysisArchitecture
BrakeFuncti
Brake Pedal
DriverPBRequest ParkBrakeCtrl
4 >
/ ,4 \\ ‘
/) \ BrakeGovernor BrakeActuator
/1 \
/1 \ . .
] | \ ServiceBrakeCtrl Requirement
;! \ Brake Pedal shall not request
/ ,’ \ ‘ deviating braking level
/ | \ atisfy
/ I \
/ I \
| Realize \
1 \
, A)
FunctionalDegignArcHitecture \ .
7 9 I \ ) TechnicalSafetyConcept
; " \ DeriveReq ServiceBrake
\
/ ! \
/ ! \
/ ! \\
! \ ’
! \ ’ [ TechnicalSafetyRequirement
// Requirement
BrakePedalSensors shall
be indipendent

/
! BrakeRequest 2
[PedaISensorLoRes ]—V

—_— e —— e — — — —

Fault Tolerant Time

T

DeriveReq 7]
Requirement

Interval shall be at least
100 ms

26
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4. HW & SW Requirements: Implementation Level

® Part 5 artifacts in AUTOSAR (and IP-XACT)
® Part 6 artifacts in AUTOSAR

SystemModel
Vehicle VehicleLevel
Level TechnicalFeatureModel
o
-8 2 >
Analysis s AnalysisLevel E 2
Level = i . ; - =
< FunctionalAnalysisArchitecture Ell= 2l
£ FENEIE
C g_ g ': (]
. o g Q © o
Design = DesignLevel z||> a
—— S “ FunctionalDesignArchitecture 1
HardwareDesignArchitecture
Implementation ImplementationLevel
Level AUTOSAR AUTOSAR Basic AUTOSAR
Application SW SW HW

“ Data exchange over ports 1 Allocation
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AUTOSAR Elements

FunctionalDesignArchitecture Dependability

BrakeFunction

Requirement
Brake command shall not
BrakeGovernor BrakeActuator deviate more than 60% from
Brake Pedal ﬁ requested braking level
BrakeRequest ServiceBrakeCtrl T

TechnicalSafetyRequirement
TechnicalSafetyConcept
ServiceBrake

BrabeRel FL

ng Refine‘Req
. <+ T ) .
Realize A Satisfy éﬁ SafetyConstraint
’ / & ASIL=C
2’ Vi a
/ 7
Y ',’ DeriveRe
AUTOSAR . )
Y4
I .
; Requirement
,f?eallze U
, / | | BrakePedalSensors shall
! !/ - be indipendent
B erakorecn el = e e cre e Ko Satisfy

EnorED.

Requirement
Satisfy - PedaIC_oIIectorOutput shall
not deviate more than60%
from requested level

j——

SafetyConstraint
ASIL=

] Secrrcamatorreedback

] Gobaiebugrece

>[ﬁ Wheelspeed P Motor P [ﬁ%
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5. Safety Element out of Context

SystemModel
Vehicle
Hlaza \ SafetyGoal
Level N ASIL X
l “Architecture” < ltem f
Analysis % FaultFailure < SafetyConstraint — _
Level . N ASILX =
2 —_
= o S S~ ErorModel / 2
(] ©
€ 3
Design S / §'
Level = FaultFailure < SafetyConstraint
5 | \ Architacture ‘& N ASIL Y
S TT— ErrorModel A
. \
Implementation FaultFailure <. SafetyConstraint
Level ’ : | N ASIL Y
%“\ ErrorModel
E.g. Technical Safety Concept without Functional Safety Concept:
Allocated Safety Constraints can play the role of Technical Safety Requirements
. . . 29
when Functional Safety Concept is available
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Supplier A
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6. Supplier-OEM interaction: A/D/I Level

Supplier B

Dependability

SafetyConstraint
ASILY

\

FaultFailure

\

ErrorModel

pd

SafetyConstraint

ASILY

FaultFailure

/

<—> ErrorModel

~

Z

AN

SystemModel

yz
Architecture

ANY
Architecture

Nominal aspects:

Interfaces match between subsystems

Dependability aspects:

Safety Constraints Match between subsystems

30
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EAST-ADL vs. Safety Bench Marking

® Safety Is about avoiding Failures that may cause
Hazards

® |S0O26262 defines a systematic approach:

1. ldentify Safety Goal

2. Create a safe architecture with safety requirements that meet safety
Goal

Safety Goal Avoid Hazard / FeatureFlaw
Trace

Functional Safety Concept Avoid Failure (of abstract Function) >
Technical Safety Concept Avoid Failure (of Function on HW) g

HW and SW requirements Avoid Failure (of SW Component on HW)



4 MAEN/\D

EEEEEEEEEEEEEEEE

RRRRRRRRR EAST-ADL vs. Safety Bench Marking

® Safety Benchmarking is about assessing how well
a system/subsystem/component/mechanism/...
fulfills requirements
Oln-context
O Out-of-context

® Assessing Ability to Meet ASIL X Safety Goal

O Conformance to Functional Safety Requirements
O Conformance to Technical Safety Requirements
O Conformance to HW and SW Requirements

EAST-ADL Introduction: Support for 1ISO26262 32
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EAST-ADL vs. Safety Bench Marking

® Benchmarking out-of-context = Conformance to

anticipated

® Functional Safety Requirements
® Technical Safety Requirements
® HW and SW Requirements

® To be able to draw conclusions on safety, the
assessment of fault tolerance must
O Address relevant faults

OBe represented adequately
=the fault tolerance capability can be related to
requirements and safety goal

EAST-ADL Introduction: Support for 1ISO26262 33
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Vehicle
Level

Analysis
Level

Design
Level

Implementation
Level

MAEN/

\D

SystemModel

Feature

e

Dependability

/ Hazard
Item

FaultFailure <.
«—

. ErrorModel

— FaultFailure <.

. ErrorModel

. e |
— FaultFailure

. ErrorModel

\ SafetyGoal

ASIL x

ASIL z

ASIL z

ASIL w

ErrorModel capture Failure propagation logic — can be identified using fault injection

FaultFailure capture faults and failures on ports of ErrorModel

ASIL constraint define expected or established “probability” of the fault or failure

34
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Activities vs. Abstraction Levels

Define Features and requirements

i Analysis Define Functional Architecture
a Level Define Functional Safety Requirements and Concept
(,;_) Define ErrorModel and FaultFailure
< Define SafetyConstraints
Design Define Concrete Functional and Hardware Architecture
Level Define Technical Safety Requirements and Concept

Define ErrorModel and FaultFailure
Define SafetyConstraints

Implementation Define Software and detailed Hardware Architecture
Level Define Software and Hardware Requirements
Define ErrorModel and FaultFailure
Define SafetyConstraints

AUTOSAR

EAST-ADL Introduction: Support for 1ISO26262 35
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Finally... ==
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® EAST-ADL is a language for Automotive EE engineering information
O Shared ontology/terminology across companies and domains
O EAXML exchange format to secure tool interoperability
O Allows joint efforts on methodology, modelling and tools

...supports cross-cutting aspects through extensions.

...Is aligned with AUTOSAR elements and modelling infrastrucure
...provides means to plan, document and utilize safety benchmarking
EATOP Eclipse platform can foster tool prototyping

EAST-ADL Association is a structure to coordinate and harmonize
language progress

® Collaborative aspect of EAST-ADL is particularly relevant for 1ISO26262

E/ANST-ADL

WWW.EAST-ADL.INFO
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