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AUTOSAR Introduction

AUTOEO© SAR'

(AUTomotive Open System ARchitecture)

Is a worldwide development partnership of car manufacturers, suppliers and other
companies from the electronics, semiconductor and software industry.
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AUTOSAR Partnership

« AUTOSAR vision and goals
« To standardize the software architecture of ECUs
« Consolidate technical design elements into one standard
« Hardware and software will be widely independent of each other
» Flexible exchangeability of SW between OEMs and Suppliers
« Platform defined layered architecture: applications — middleware - hardware

« AUTOSAR working groups

« Cross Platform WGs: Methodology, Architecture, Security, Safety, IVC, V2X, Diagnostics,
UCM

» Platform specific WGs (incl. foundation):
» Classic: RTE, MCBD, MCAL, ...
« Adaptive: EMO, PER, central coding team, demonstrator, ...
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AUTOSAR Standards -

Released as an own standard

Released as part of the standard it is extending

L

A extends B
< A planned to extend B
Acceptance Application Sensor
Test Interfaces Interfaces
0 0\
|
[ Classic Platform Adaptive Platform

)

Foundation
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AUTOSAR Adaptive Platform
Logical view

Adaptive Adaptive Adaptive
Applications Application Application Application

User Applications
Virtual Functional

Bus (VFB) AUTOSAR Runtime for Adaptive Applications (ARA)
ara::diag service
ara::.com ara::rest Dlagnostlcs
Communication Mgnt. RESTful
[
w 0 o .. .. o .
= [a)] ag ara:.:.per ara..phm ara::state service
ﬁg;ciisv'zR 2 e = Persistency Platform Health Mgnt. State
Platform Management
ara:.core ara:.exec ara::iam
Core Types Execution Mgnt. Identity Access Mgnt.
ara::adi service
Automated Driving
ara::crypto _ara::log _ _ ara::time_ _ Interfaces
Cryptography Logging & Tracing  Time Synchronization
oS .. ;
POSIX / C++ STL ara::ucm service
Operating System Update and Cfg.

Mgmt

Lifecycle:

«  First planned “valid” release
in November 2020

Key Points of Adaptive Platform
architecture:

*  Service oriented
architecture (SOMEIP,
DDS, REST)

*  Support for Virtual hardware
(Hypervisor) deployments

»  Specifications are NOT
hardware near

« Targeting Non-time-critical
scenarios (POSIX
compliance)

* No RTE, applications use
direct interfaces to
middleware modules (FCs)

sadwe  (Viua)Machine/ Container / Hardware
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AUTOSAR’s answer to the upcoming challenges

platform of choice R o e e mm
for time-critical " ' e
and narrow- Runtime Environment e - T e A
bandWIdth Services Layer s !
applications : — =2 | R T *’;‘,‘;:{',‘m ,.J“";:
ECU Abstraction Layer C.S’,T:Z',i‘ o Sl G I
Microcontroller Abstraction Layer VAR o e ——
L e
AUTOSAR AUTOSAR Infotainment
Classic Platform Adaptive Platform
<)

. . . " _ BUT, in most cases, it's the OEM’s
platform of c_hope for_ Iarger—bandW|_dth and !ess tlme—sen5|t|ve appllcatlons, decision which platform to target an
for communication with other domains, e.g. infotainment, telematics, ... application for — enter VFB++!1

Real time High, Mid, Low,
Requirements in the range of micro-sec in the range of milli-sec in the range of sec
Safety High, High, Low,

Criticality up to ASIL-D at least ASIL-B QM

Computing Low, High, High,

power ~ 1000 DMIPs > 20.000 DMIPs ~10.000 DMIPs
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AUTO SAR
Methodology and the Meta Model

The AUTOSAR Meta Model is the backbone of the AUTOSAR architecture definition
Contains complete specification, how to model AUTOSAR systems
Nowadays most changes occur in M2

Meta model Top Level Package Overview

M3: Model of the Meta Model

(Meta-Meta Model) All other top-level Standardization Generic
(Defines UML Modeling packages Template Structure Common
Elements) refer/utilize to Structure
these two
M2: Model of the model ECU
(Meta Model) SW Resource
(Defines AUTOSAR Modeling Component Template
Elements) Template
System
Template
M1: Model of the system -
(Defines a real system) e
ECU Description
Template
BSW Module
MO: Realized System in the car Template
(Implements a real system) ECU Parameter Def
Template

AUTOSAR Abstract Platform Description (or VFB++) 10 Oct 2019



AUTO SAR

d d d SwConnectoy
I\/I eth O O I Ogy an th e IVI eta M O e | Composition::AssemblySwConngctor
"How" and "what" to build in an AUTOSAR system ,
/\$ ______ J' 0.* ILo..*
I «instanceRef» «'_____;'
- +providenl/ 1 foncer |nsi§g&:3§§fe€/1
— PortPri P PortPrototypg
- C——— Compone:tf:[:yp Compoornernot'soz:yp
- PPortPrototype RPortPrototype
- 1 «input» «inoutputy | =———— woport] - wrort] -
EE:U Extract for configure_ecuc «isOfType» «isOfType»
Communication ecu_configuration fpéo¥idedlq;e;;2;y L+requiredinterfa
recetines a {redefines atpT:
ARElemen| Meta MOdel
AtpTypq e
. — Hinterface::Portinter specifies
Methodology Methodology defines activities and work-products e e TEe “What"
+ IsService: Boolean
specifies .
P p ” Meta Model defines the content:
The “How” (and
tolsorgef_exteﬂt, it is a formal description of all the information Portinterface:
[\(;Vehs define the produced or consumed in the AUTOSAR
0’) methodology. Zf
. . Portlntgrface::
Is UML2 Based model (Enterprise Architect) SenderReceiverinterfage
Meta Model is serialized to XSD Schema data;efmjll
AUTOSAR exchange format for all model content is o putosarbatabrottye
ataPrototypes::VariableDataPrototype
AUTOSAR XML (.ARXML)
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Background

target [?
« Existing concrete models are (intentionally) tightly coupled to the choice of platform GE—U plattorm: D’gD

» Asystem designer is drawn a priori into a concrete decision whether to design and j
deploy on AUTOSAR adaptive platform or AUTOSAR classic platform or non- oo (R S ;Adapﬁve?
AUTOSAR platform = design bias!

What's my

A system designer at an early software design stage may not necessarily care about
what type of SW-C shall implement the function, or, which type of interface provides _] .L
the required data

L]

The designer just wants to model
the interaction between the

functional software blocks: i.e. the AUTOSAR AUTOSAR

signal name, the directional flow (Concrete) Classic Platform Model (Concrete) Adaptive Platform Model
of the data (I/O) and the physical

unit of the data on a high level and Tirmirig Sty Secuity Funciora Tirniriy oty Security S
leave the further refinement of the Req 43: Rugs Rt Rus .mfr.: | Resgs Recs
design or indeed implementation RN R B = (e

details to a downstream stage, i.e.
separation of concerns Virtel Funciiond Bus Virtd Funciornl Bus

AUTO SAR"
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Motivation

AUTOSAR
Abstract Platform Model
Timing Safety Security .

- s Requirements Requirements Functional
o (TIVEX) 15026282/ (EZE, 15015408, Requirements
= ' AsIL) 15021424)
@
g Virtual Functional Bug++
=
I 1
4]
o
=]
z
= AUTOSAR AUTOSAR
g»: (Concrete) Classic Platform Model (Concrete) Adaptive Platform Model
- Tirnirg Safusty Smourity Tirnirg Satfesty Security

- Regt Regt Funcional Regt Flece Regt Funciional

(TIMEX) (AL (E2E, 150) Regs (TMEY) (L) (E2E, 150) Regs

Virksd Funcional Bus

Virtud Funcional Bus

Non-AUTOSAR
Abstract Model

Non- p

ALUTOSAR il -

=

=

g:

= |

W

O

m

o

3

N

Hon-AUTOSAR g'
Concrete Model

Mon-
ALTOSAR

v\
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Platform independent description
— no specifics about Classic or
Adaptive

VFB Level (SW Component
Model) description

Using existing AUTOSAR Meta-
Model — quick wins on
knowledge and tooling

Potential usage with non-
AUTOSAR (foreign) models

Requirement decomposition and
tracing

Higher level view of the car
communications matrix

10 Oct2019 |



Motivation

On board
(1 X — . .

e o AUTOSAR |— +  Principally targeting AUTOSAR but should

ol T1] senice-driven ({request/response/publish/subscribe) |—

g l(_) signal-driven — be useful to non-AUTOSAR e.g. GENIVI

meta-model
8 3 security (encryption, authentication, E2E) . | | Franca+ or W3C VISS
arxml, .xsc
e abstraction '
2 on Board . AUTOSAR Release 19_—11 _
E — »  First draft targeting usage with
] = senvice-driven —_— i i
‘F: ; = E (request/response/publish/subscribe) b C|aSS|C/AdaptIVG Platforms
a tracing g o meta-model, IDL —
E T8 security (encryption, authentication) T o AUTOSAR Release 20-11
idl, * fco . .
= * Bring in Franca+ or VISS aspects
2 — Off board — +  Abstract — AUTOSAR Concrete
derivation o —— Mapping
@m0 data-driven (get/set/publish/subscribe} WSC —
=S| . tecwiew
security (encryption, authorization) *Json

» Derivation: Derive the AUTOSAR concrete platform (VFB level) description from an abstract platform description
» Abstraction: It should be possible to create an abstract platform description from an AUTOSAR concrete platform description
« Tracing: requirement and functional tracing between the abstract and concrete models

AUTO SAR"
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AUTO SAR

Meta Model Changes

1. New Abstract Platform top-level package

2. Since we are interested in modeling VFB level entities, we will need to reference model artifacts from SW Component
Template

Metamodel Package Overview

M3: Model of the Meta Model

(Meta-Meta Model) All other top-level Standardization Generic
(Defines UML Modeling packages Template Structure Common
Elements) refer/utilize to Structure
these two
M2: Model of the model ECU
(Meta Model) SW Resource
(Defines AUTOSAR Modeling Component Template
Elements) Template
A System
r Template
M1: Model of the system -
(Defines a real system) e
ECU Description
Template
BSW Module
MO: Realized System in the car HOEEE Template
(Implements a real system) R ECU Parameter Def
2 Template
= Some reuse of
New Model Package VFB level artifacts

AUTOSAR Abstract Platform Description (or VFB++) 10 Oct 2019



System Description Types

________________ -—_——_——_—_——— '|
| non-AUTOSAR  non-AUTOSAR : ! :
| (system-)description : ' |

1 1
I translation , : : I

1 1
_____________ o e -]
T N I e s ————
Classic abstract-system-description : : |
| (CP) ] i |
I derivation U I : I

abstract- , : I
platform refinement SyStem- 1 syStem- : ecu- I
system- description “4; extract | extract |
description (CP) : (CP) mction(cp) |
(VFB++) . B =p: I —>I)
_______________ — — -_—t ===
————————— e e e

i SyStem- extraction System— : system- 1 maChIne_
Targeting design- description | extract | gitsrg; I
new type of description (AP) | (AP) ' AP I
— (CP / AP) extraction | ( ) I
system , ﬁ*

description , ,

AUTOSAR"

Supplier

Methodology should not forbid
a system designer bypassing
an abstract platform model and
designing only in a concrete
platform model (workflow
backwards compatibility)

Existing AUTOSAR system
descriptions should not be
functionally affected

Tooling is essential at all
stages to make the
transformations &
configurations automatic!!
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VFB Level Model Elements

Graphical Example

Port (Provider), SeatHeatingControlAndDrivers : ¢—— Component

Interface (SenderReceiver)

. Composite
(Event) X e (Composite)
7 = SeatSwitch SeatHeatingControl
> > SeatSwitch :
. .y : Component
: SHDial: — : o
: HeatingDiaI>\ \ . (Application)
Component _— -, . H
(SensorActuator) : Position <.’ 9 Setting PowerManager 4 m— 4
10 LED | «JpiallER HeatingElement | (s
L~ :
I_ A A J \ Port (Requirer),
: Interface (Client Server)
Connector (RPC)

AUTOSAR"
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VFB vs VFB++ Level Model Elements

Comparison

Classic Model

Adaptive Model

Abstract Model

Software Component
. Varying sub-types
. Atomic vs Composite
Port
. Provider, Requirer, P/R
Interface
. Varying sub-types
. Single operation per interface:
C/S*, SIR*™, ...
Connector
. Varying sub-types thereof
Data Types
. Application level with data-types
. Implementation level with data-
types
. C language binding types

Software Component

. Single sub-type

. Atomic vs Composite
Port

. Provider, Requirer
Interface

. Varying sub-types

. Aggregated operations per

interface: C/S*, SIR**, ...

Connector
. Same
Data Types
. Application level with data-types
. Implementation level with data-
types

. C++ language binding types

Software Component
. Single sub-type with properties
. Composite
Port
. Provider, Requirer
. Port Intent
Interface
. Single generic sub-type
. Aggregated operations per
interface: C/S*, S/IR**, ...
Connector
. Same (for now)
Data Types

. Application level with very limited
data-typing

* C/S = ClientServer : a remote procedure call

** S/R = SenderReceiver : asynch. events

AUTO SAR"
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Abstract Platform Model

ARElement]
AtpStructureElement ARglement
SystemTemplate::System *tyge] AtpBlueprint Portinterface::ArgumentDataPrototype watpVariations
AtpBlueprintable DDataDefPropertie:
+  containeriPdutieaderByt=Order: Byt=OrderEnum [0..1] wisOffyper ¢ AtpType] + direction: ArgumentDirectionEnum SwhataDefProps
+ ecubxtractVersion: RevisionLabelstring [0..1] Jredefines =i + serverArgu p - ServerArgumentimplPolicyEnum [0..1]
+ pncVectoriength: Positivelnteger [0..1] atpType}
+ pncVectorOffset: Positivelnteger [0..1] sargument | *{ordered) +swDataDefProps” 0.1
+ systemVersion: RevisionLabelString ‘ B ——
ARglement
Components:: (Components:: Aiplype
i typ i ype Datatypes:AutosarDataType
«atpVariation, atpSplitables
+rootSoftwareComposition | 0.1 L 1
o eatpVariation» {redefines atpType}
Identifiable
SystemTemplate:: «isOfType»
RootSwCompositionPrototype
+portGroup | 0.
. i AtpBlueprint
* AtpStructureElement .
+companent 0. \dentifiable Components:: Components: Deinrotohpes AtpBlueprintable
i ype L.
wisofTypes . Components::PortGroup P ype PPortPrototype Datatypes::AppiicationDataType
+softwareComposition’  {redefintatpVariation,atpsplitablen
v -
Composition::
o -
ypes:
, «isOfTypes «isOfTypen VarisbleDataPrototype
| sport|0..*
«atpVariation,atpSplitables prerT— Datatypes:
+connector | AtpPrototype ApplicationCompositeDataType
AtpStructuregiement| Components:PortProtatype [1 e 1 Hndication | 0.
redefines
it onnector def
R g = atpiype} providedinterface E;:T;:}ES
ARElement
AtpBlueprint
AtpBlueprintable
AtpType|
Portinterface::Portinterface
Identifiabie + isService: Boolean
. +  serviceKind: ServiceProviderEnum [0..1] Datatypes:: Datatypes::ApplicationArrayDataType
ClientserverOperation + dynamicAraySizeProfile: String [0..1]
+ fireAndForget: Boolean [0.1] watpVariation» p
+command . ‘
\ Interfaces::Compositelnterface
>
o
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Abstract Platform Model

class DOC_AbstractPlatformBirdsyeVie: )

E—

Aty ARElement|
SystemTemplate::System

AtpBlueprint Portinterface::ArgumentDataP _ otype Variat
— | AtpBlueprintable fProperties::
e Components::SwCompaner .. 1pe +  serverArgumentimpiPolicy: ServerArgumentim
compopnents § 3 ~~ VgL

* {order

S

SystemTemplate
RootSwCompositionPrototype
+portt.

e AtpStructuretiemen

R Nreat . % “ eI PQ R data typ,é.snu icotionDataType
R e 7-‘ v 0 able» é )

+softwareCe

DataPrototypes:

VariableDataPrototype

AtpBlueprintable
AtpPrototype)|
AtpStructureglement

Components::PortPrototype - ‘ T Applicath
cretconectors rowdedinrtcey e

Portinterfoce::Portinterfoce

—— interfaces

D3 3typ:
ClientserverOperation

AtpStructuretie
ident

Datatypes

Applicationp, ‘mitiveDataType ApplicationRecordr taType

+ fireAndForget: Boolean [0..1] @

| DatatypessApplicationArrayDataType
’ l- dynamicArraySizeprofile: String [0.1]
tpVariations
+command

- Interfaces::Compositelnterface

«aty. “aria)
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Validation Scenario

B REQ_SC_001_1 Typing of Ports with
Abstract Platform REQ_SC_001_2 £ou Intent and Interface
REQ_SC 001_3 \ [Fl Interface Instantiation
Requirement
E:accel_ decomposition
/ R—F} Aswc
|Acceleration
Q_SC_123 1 ]
EQ_SC 1232 F-brake_rel
> EQ _SC_123 3 F:brake_press
c_ _¢______ _e.__ ____¢_ —
5 T T
AUTOSAR Concrete Platform Many
0 I 1 decomposition/deriva
. ) tion variations are
% \ T(a)=5ms | » I possible:
1 Depending on choice
REQ_SC_00¥A_01 Franca+
A REQ_SC_ 087 2 01 Component I I of concrete platform
REQ_SCA01_3_01 -
Aol | |
Caontrol _
4 1 |
B aap
-1 | Acceleration
REQ_SC_123 1.01, ] | |
REQ_SC 123 2 01
| REQ_SC_123 3 M | |
T~ —  Vitiant#A_ I ...Vgrjant #B , ...Variant #N
Variation:
» Choice of e Variation: Variation:
Variation: ‘ , Variation:
downstream . Atomic <-> * Choice of . *  Mapping of ) ,
omic <- Requirement * Port grouping /
concrete Composite SW-C downstream d i Data types
platform interface ecomposition

(de)composition

AUTOSAR Abstract Platform Description (or VFB++) |
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Future aspects

What's pending in AUTOSAR 20-11 and beyond?

« Define Abstract Platform Methodology

« Define mapping/guidelines between Abstract platform and AUTOSAR concrete platforms
+ Define mapping/guidelines between Abstract platform and GENIVI Franca+

« Define mapping/guidelines between Abstract platform and W3C VISS

« Concept Validation

AUTO SAR"
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AUTOSAR
Abstract Platform Model

Timing Sy i Featly
Ty Requirements Functional Requirements

L (5028282 Requiremenis || 2= 1501340z,

(THEX) st 15021434

Absiract
Component

Future aspects

Viral Functional Bus++
Abstract Platform

The vehicle will be a multi-standard/multi-platform mix o

onboard and offboard systems - difficult to envisage a
...however,

single super-standard taking the forefront...
we can simplify how these platform models communicate

Infotainment

dimmed

[ o) (e |
Cloud (VISS)

e heghn tage  Mae i i

kekdon Kphoim dpiem ppktcn BoadFSuin  HeedF Sanice

otk g

St Digests  Asadlng
s

e o e
G M TS
Ngres

e pe
Pevarxy  Patemashliy
e e
Spsmimin et
Mg s

Application Layer
o nin iy
Ewslt VoAb Lapirgh Ty

g

PPN e L ek am we
D Gy [P,

!Hap!lve ! a“orm .

Runtime Environment

Services Layer

— Em
Drivers

ECU Abstraction Layer

Microcontroller Abstraction Layer

Microcontroller

Classic Platform
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Future aspects

.0) Functional Model ‘ C Control | display «  Function Blocks . A

M - syshiL, EAsT-ADL, .~ g : 555‘5%3% ) *  System engineering tools (e.g.
- . - OusEhmens SysML, EAST-ADL, Rational

& Rhapsody) and environments
= are upstream of this concept

Could this hel described formally? «  Such models are typically OEM
specific
CUEIEEIF T ‘ B gggigg:ggg E-SWC * Typing of Ports with

: L:qﬁ:j'ﬁ“ﬁt * It could be a use case to define
dscomposiion a set of guidelines to describe
how an S.E. model and an
abstract platform model could

“connect”

REQSCO0TE [ Contrl

= Many
decomposition/deriva
tion variations are
possible:

- Depending on choice
of concrete platform

AUTOSAR Concrele Platform ‘ A

dvsoLlnvy

REQ_SC_001_1_01 \
REQ_SC_0012.01, N B
REQ_SC_001_3_01 Cantrol

Franca+
Component

&

A-SWC
B

me PR A Bl
Speed R E\ Control
BT Bl i
cation
REQ_SC_123_1.01. |
REQ_SC_123_2_01
REQ_SC_123_3_01

Variant #A ...Variant #8 ...Variant #N

AUTO SAR"
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Exercise 1. Debug this code

#define/* Int3rn"ti[ln/l ()I3fusc”t3|] C C<>IT7E C[]nt3st */L/* MMXVIII */for #include/*!"'()*+, -
./12357:;<=>?CEFGHIJKLMNSTUVWXYZ []~ “cfhijklmnrstuvwxyz{|}*/<stdio.h>

char*r, F[1<<21]="~T/}3 (| +G{>/2Uhy; Jx+5wG<v>>u55t.2sT2rC]n. ;mt: 1+Hk]WINJi/Sh+2f1>c2H") (2 ("L\ -

1=([1/2<2Y7/X12W: .VFFU1,T77S+;N?;M/>L..K1+JCCI<<H: (G*5F--E11C=57?. (>+(=3)Z—-;* (:*.Y/5(-=)2*-U,\ /+-

25" (,+++*** " TEE>T, 215TEUF:N 2" : 2GK; +7 " +?2>) 52>U> ) 5GxG) .2K.2};} 235(]:5,STEL (vTSS, -SSTvU (<-HG\ -2E2/2L2/EE-

>E:?EE, 2XMMMM1Hy ") 5rHK; +.T+? [n2/ 2{LKN2/ |cK2+.2";}:?{KL57?|cK:2{NrHKtMMMK2nrH; rH[n" "CkM E21-E,-1->E(_:mSE/LhLE/mm:2Ul;2M>, 2KW-
+.-u) .5Lm? M 2 2n7X33? [n<YCK?2}yC}H[ATNTLX N INTUN</ : -\ ZWXI< I2K2>T+?KH~-?£<;G_x2; ; 2XTTLXTUuVF2X (G (GVV-: -

:KJJJHKLyN7UJJ3 . WXJNI2KN<L |cKt2~[IsHfI2w{ [<VV"

"CIFZCox#&H&&SH#S; ZXTCH##SESSH#>T [IMV{ aaaa#&## L, 12TY. 6S#S#66S, (111, #666#S#S2TY2. S#51 (x#4#4;2EE[t,\ SSEz.SW-k,T&&JC?E—.S#4# c#657+S5#
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12t AUTOSAR Open Conference AUTOSAR’ )

AUTOSAR Day

* Lecture- & Demo Sessions Networki ng Reception Conference
» World Cafe

+ Management Sessions

Tuesday, Tuesday, Wednesday,
March 3rd, 2020 March 3rd, 2020 March 4th, 2020
9:00 am — 6:00 pm 7:00 pm — 10:00 pm All-day
o Venue: :
NVA NOVA School of Business & Economic .

U in L|sbon Portugal
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