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Context and Objective

_JIMotives :

o Safety constraints have a deep impact on the design
o “Safe” solutions can lead to incurring unnecessary cost

o Design cost is a vital parameter

_1Objective

o Reach an ISO 26262 compliant design without incurring
unnecessary cost
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1ISO 26262

The Functional safety standard for road vehicles

3-5 ltem Definition
Initiation of Safety
3-6 .
Lifecycle
3.7 Hazard Analysis,

Risk Assessment

Functional Safety

Concept

v |
ﬂ Product
development: |
v v system level RN y____ :
6 Operation .5 Production 15 ] 6] | Other |
Planning Hardware || Software : technologies :
Level Level [ ———- !
Release for
A Production  [*
Y
»| 7-5 Production —>
v To other phases
2l 76 Operation Service,
o Decomissioning ’

Concept Phase

External
Measures

Product Development

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

After SOP

H
|



~ Safety Impact

» Some design/architecture choices are made early and
are decisive




Safety Impact
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State of the Art

_1Optimization approaches:

o ArcheOpterix
o HIP-HOPS

o Electronic System-Level Synthesis methodologies :
SystemCoDesigner, Daedalus

O ...

Limits:

o Do not take into account the safety constraints

o Out of scope
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Proposed Approach

Approach summarized in 3
Key axes:

Allocation

i. ASIL allocation and Decomposiion/

decomposition

li.  Architecture Synthesis

. Cost estimation

Candidate Solutions
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Proposed Approach

11t axe: Safety Levels allocation

o Motive:

+ Key parameter for the architecture
» Multiple possible allocations

Safety Goal

Safety Safety
Reqwrement Requwement
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Proposed Approach

« Decomposition application rule :
« Each element is capable of ensuring the required safety
requirement independently

* No common cause failure
» No cascading failure

efore
alternative altetnative Tt
ASILD decompostions | ASILD decompasiions ASILD decomposition
reguirernents reguirernents reguirermnents
in5.4.5 in5.4.9 in5.4.5

==
2 g
3 |ASIL C(D)J + [ASIL A(D)I [ASIL EI(D)I + |ASIL EI(D)} {ASIL D(D)I +| QMDY ] after
decompositi

dly before
alitetnatve )
ASILC decomposiions | ASIL C decompasition
wE
= 2 reguirernents reguirernents
4t in5.4.8 in5.48
=]
2
E [ASIL EI(C)J + L&SIL A(C)J [ASIL C(C)I +[ QM(C) } after
decomposition
before
alternative g
ASILE decomposiions | ASIL B decomposition
= E
= 2 reguirernents reguirernents
Q £ in5.4.8 in5.48
o
=1}
= |ASIL A(EI)} + [ASIL A(El)l {ASIL EI(EI)I +| QMIB) ] after
de ition




~ Proposed Approach

o ASIL values :

1 2 3 4

Value 0

« Decomposition Patterns as equations

« The decomposition patterns verifies

Z ASIL, = ASTLsp
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~ Proposed Approach

mO e T
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10 possible allocation
scenarios




Proposed Approach

 MCS to linear system

* From the MCS we can deduce

Z a; x ASILp; = ASILsp

Where g, = 1 if F; is in the MCS and 0O otherwise

« Example

(Loss of F2, Loss of F3, Loss of F4) : ASIL D

ASIL(F2) + ASIL(F3) + ASIL(F4) = 4
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~ Proposed Approach

2nd axe: Architecture Synthesis

Inputs:

* Functional
architecture

» Potential hosts lists
* Failure modes
(function, hosts)

» ASIL allocation
scenarios

Architecture

Synthesis

Output:
*Preliminary
architecture




Proposed Approach

12" axe: Architecture Synthesis

o Mapping

 Functions to hosts and subsystems
 Flows to bus

o Constraints

ProcessH Send J
[ ]

 Possible hosts/subsystems
* Interfaces

. ‘- Sensor; —
- Safety constraints

= ASIL levels 1 M

= Independence requirements
= Mixed criticality cohabitation

551 SS2
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~ Proposed Approach

* Linking function and component failures

 Rules:

A functional flow is impacted by the failure mode of the host on the
interface to which it is allocated.

» A flow is allocated to only one interface




Proposed Approach

Safety Constraints

Verify the absence of common cause failures

Sensor 1
Impacted Impact on
FM Interface interface Causes
Omission-output
FM1 Interface 1 flow C1, C2
Commission-
FM?2 Interface 2 output flow C3
Sensor 2
Impacted Impact on
FM Interface interface Causes
Omission-output
FM1 Interface 1 flow C1,C4
Commission-
FM?2 Interface 2 output flow C5
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Acquisition ".
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lllustrative Example

o 4 Allocations scenarios

o Multiple host (component), subsystem (ECU) and bus choices

Possible
Function host subsystem
Acquisition 1 S1,S2,S3 SS1
Acquisition 2 S1,S2,S3 SS1
Data Processing 1 C1,C2,C3 SS2
Data Processing 2 Cc1,Cc2,C3 SS2

Decision 1 C1,C2,C3 SS2,SS3
Decision 2 C1,c2,C3 SS2,SS3
Command Cc1,Cc2,Cc3 SS3,SS3
Enable C1,C2,C3 SS2,SS3
Drive C1,c2,C3 SS3
Check condition C1,C2,C3 SS2
Display C1,C2,C3 SS2
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lllustrative Example
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Proposed Approach

o Exhaustive Approach

+ Main steps:

* Apply scenario
Parse most of the combinations
Analyze only the interesting ones
+ Similarity
» Cost
Architecture Synthesis
Flow allocation combinations
Adding the needed components for implementing the choices
Retaining best choices
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Proposed Approach

o Elitist Genetic Algorithm Based Approach

 Main elements

* Chromosome coding

* Fitness Function

* Apply scenario
Architecture synthesis
Find a fitted flow allocation

Check constraints Agene N genes
. Representing the scenario choice Representing the mapping
Estimate cost .

* Calculate fitness
- Main parameters SC Fi F
= Simulation Library: JGAP

= Population size : 100
= Number of evolutions: 200

Chromosome
N+1genes

Host ‘ Subsystem

Compositegene
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Conclusion

o The approach allows:

« Checking more alternatives
« To avoid unnecessary or incorrect redundancies

* To avoid dealing with each safety goal aside

o Limits:

« May encourage from scratch solutions
* No performance constraints yet
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Next Works

o On going

* Performance constraint

» Development effort

o Being investigated

» Adapting COSMIC models

= For functional size estimation (1ISO 19761)
= Memory consumption prediction
= Development effort estimation
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Valeo

Automotive technology, naturally
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