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Agenda

= Introduction to AUTOSAR Standards
— Simulink approach to AUTOSAR

« AUTOSAR design workflows

= Bottom Up
= Top Down
= Round trip

— Overview:
= Modeling AUTOSAR Components / Attributes

= Components, Runnables and Events
= Modeling styles

&\ MathWorks



4\ MathWorks

43.........

........ oddns xzA g
‘0orJla1u] 01dAID o
< N
""*31Y elA Buyjpuey
ereq AN Ua101}43
*S9oeLI9IU| uoleol|ddy — M
10} BuljpueH juelrep | < -
mu “*sjuaWadueyul 31y ‘///0//%/%///%%%// M.u =
WD VAN
% il
ad A
nA\nu -*sydesuod Ajoyes pappy ‘//% .
S Cajid? <
2
&) 'suolsiaey INIA ‘INDd ‘///ﬂ @
@ \
O
S
2 o 8
X
[N )
o g
= 8
O
O

2.0
90 files

4

WWWw.autosar.orq

AUTOSAR Releases



http://www.autosar.org/
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AUTOSAR Adoption

AUTOSAR




..5;1-- =r_demo - simulir
File Edit View Display Diagram Simulation Analysis Code Tools Help

M v = 5 & v = | ag > - | v |48 | Normal - | &

| rtwdemo_autosar_counter_demo

® rmdemo_autosar_counter_demo > v
- INC LIMIT [
* *
= + ./ sum_out ¢ ¢
= 4
=3 ~—
O equal_to_count l =
h- RESET
Y 1
5 ]
(4 )>—>»in outf—»(1) -
1 _ Input Output
v switch_out Amplifier
N X
Copyright 19942012 The MathWorks, Inc
-H
» il

Ready 168% FixedStepDiscrete
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What is AUTOSAR?

AUTOSAR® (AUTomotive Open System ARchitecture) is an open and
standardized automotive software architecture

Application Layer

RTE

Complex
Device
Drivers

Services ECU Abstraction Layer
Layer

Microcontroller Abstraction Layer

ECU Hardware

www.autosar.org 7



http://www.autosar.org/

_‘ MathWorks:

AUTOSAR Vision

Non AUTOSAR AUTOSAR

Hardware Hardware

AUTOSAR Slogan-

“Cooperate on Standards — compete on implementation”

www.autosar.org 8
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http://www.autosar.org/
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AUTOSAR Support from Embedded Coder and Simulink
‘

BSW Configuration I |
& RTE Generation | -

i Complex
Services ECU Abstraction Layer Dev?ce

Cl Drivers

Dlagnusﬁl:lvlanﬂger

Microcontroller Abstraction Layer

ECU Hardware

Elektrabit
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Simulink Approach to AUTOSAR

_ _ No separate
Simulink and Embedded Coder AUTOSAR

+ AUTOSAR Support package for Embedded Coder Blockset needed

=

Available via web
download

# ¥ Smuink Magping ) Use the Simulink-to-AUTOSAR Ma
“to- pping Explorer to configure the
‘ ;"‘:;—:‘“"’-"“‘“” mapping of Simulink models to AUTOSAR software components.
O Outports

Sx Entry Point Functions bonent... I

Ctrl+B

C Code and
ARXML

3

Import| Tos Ex
To configure the mapping of the S | Ganerate XML file for schema version _

Maximum SHORT-NAME length: 32 |5,

Use AUTOSAR compiler abstraction 3.1
Support root-level matrix I/O using

Code-generation
through Mapping

CAppe—
H aumosar properties

11
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Supported AUTOSAR Design Workflows

Top-Down Workflow _swe
Export ARXML 0 Import/Update
> 5 SIL/PIL Test
] I Embedded ,‘\
Coder

Simulink

AUTOSAR SR
[A“thoring TOOJ [ 58 e g ;] >{C Code}

SW-C.

Description
Import/Update ME@E* Export ARXML

Round-Trip Workflow

dvsolny | o

dvSoLny

Bottom-Up Workflow

12



Modeling AUTOSAR Communication

= Ports in a AUTOSAR software component allow for

communication

= Categories of ports based on direction

— Require port
— Provide port

- Each port can have either of the following Interfaces

4\ MathWorks

« H AUTOSAR

«+ 0 AtomicComponents
« [1 rtwdemo_autosar _counter

& ReceiverPorts
« SenderPorts
# SenderReceiverPorts

E ModeReceiverPorts
= ModeSenderPorts

ClientPorts
© ServerPorts

&l NvReceiverPorts

[ NvSenderPorts
NvSenderReceiverPorts
& ParameterReceiverPorts
TriggerReceiverPorts

& Runnables
=a JRV
& Parameters

4w G-R Interfaces
> =8 [nput
> =8 Output
= M-S Interfaces

@ C-S Interfaces

= N\ Interfaces
= Parameter Interfaces

@ Trigger Interfaces

= CompuMethods
@ XML Options
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Runnable Entities

« Each AUTOSAR SW-C is composed by one or more runnables/runnable
entities

Receiver

Sender
Port ’ Runnable 1 Port
_ Server
Client ) Runnable 2 Port
Port
U
Functio

Callers

14
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Supported Events for a Runnable

« TimingEvent - Periodically scheduled Runnables

- DataReceivedEvent - Trigger the runnable when data is received | _ _

= ModeSwitchEvent - Triggered onEntry, onExit, or onTransition

-"iT

= OperationinvokedEvent - Client-server type event
= InitEvent - designate an AUTOSAR runnable as an initialization
runnable, and then map an initialization function to the runnable.

Events

\Add Event| |Delete Event|

Event Type | Event Name
= DataReceiveErrorEvent - when the communication layer reports %mﬂtﬁev
an error in data reception by the receiver component DataRecavedEert
OperationInvokedEvent
InitEvent
- ExternalTriggerOccuredEvent — used to activate a runnable in an e vent

SWC as result of an explicit trigger by a runnable entity of some
other SWC

15
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Mapping Simulink to AUTOSAR

Application Layer

AUTOSAR AUTOSAR AUTOSAR
Software Software Software
Degc\:/\r/i-ciion Component 1 Component 2 Component n

@+

RPati_DE1
_ T ’ RTE-E-M l
n

RPort!_DE1 lp in1
Outi >

I.p n2 Pro1_DE1

NvM_Resd Adder
_>_\ Th_Wite
o> >
RPort_DE3 !'E::: FPart1_DE2
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Example Mapping to a Receiver Port

&\ MathWorks’

Add a New Sim

ulink Port

......................... 1_'.

Runnable3 [zow | function()
(6 r—»
RPort_DE2
RPort_DE3
Runnable3_subsystem

in2

Validate AUTOSAR to Slmullnk Mapping

[ Configure AUTOSAR Interface:autosar_multirunnables_test =
¥ e
"A Simuink Mapping
au multirunnables_test (@) Tip: To map a Simulink inport, select an AUTOSAR(AR) Port and an AUTOSAR(AR) Element Help
Name AR:DataAccessMode  AR:Fort AR:Element
fi Enth t Funct © MRPort (ECUmode) ModeReceive NewModePort mdgEcuModes
B bata Transfers © RPort_DE1 Implici RPort. DE1
© RPort DE2 Impici RPort =
© RPort DE3 InpicitReceive RPort DE3
4] AUTOSAR Validation [E=mE =)
‘ Validation succeeded ‘

P Simulink-AUTOSAR Mapping

' b} Simulink Mapping
4 autosar_multirunnables_test

Add a New Data Element to the Interface

1 [ AUTOSAR
4 [ | AtomicComponents
4 | [ ASWC

™| ReceiverPorts
|4 SenderParts
¥ SenderReceiverPorts
[=2] mModeReceiverPorts
ClientPorts
|§| ServerPorts
E NvReceiverPorts
[€] nvSenderPorts
MvSenderReceiverPorts
L7 Runnables
EHal TRV

4 o 5-R Interfaces

4 [ Interfacel
@ DataElements

Map Simulink Port to AUTOSAR Port

Name InvalidationPolicy SwCalibrationAccess DisplayFormat

% DE1 None ReadOnly

0

DE3 MNone ReadOnly

L’?) Tip: To map a Simulink inpart, select an ALTOSAR(AR) Port and an ALTOSAR (AR,

¥ Inports =
O Qutports Mame AR:DataAccessMode  AR:Port AR.:Element
fx Entry Point Functions ¥ MRPort (ECU mode) ModeReceive MewModePort mdgEcuModes
Data Transfers =* RPort_DE1 ImplictReceive RPort DE1

3 BPort NF2 ImnlicitR ereive EPnort NE?

—* RPort_DE3 ImplictReceive RPort DE3
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Using MATLAB for automating common tasks

4\ MathWorks

%% Setup AUTOSAR Configuration programmatically
model = ‘Average VehicleSpeed Calculation';

% Modify AUTOSAR Properties

autosarProps = autosar.api.getAUTOSARProperties (model) ;

set (autosarProps, 'Input', 'IsService',6 true);

set (autosarProps, 'XmlOptions', 'ArxmlFilePackaging','SingleFile');

% Modify Simulink Mapping to AUTOSAR

slMap = autosar.api.getSimulinkMapping (model) ;

mapInport (slMap, 'Input' , 'Input', 'Input' , 'ExplicitReceive');
mapOutport (slMap, 'Output' , 'Output', 'Output' , 'ExplicitSend'");

18



Modeling Multiple Entry-Point Functions

File Edit View Display Diagram Simulation Analysis Code Tools Help

e - 8 Tk M=MEYCH*

rtwdemo_autosar_multirunnables |

(&) ~ 0,025

4\ MathWorks

-

"k Source Block Parameters: Runnablel

® rtwdemo_aubusar_mulﬁrunnables 3

==
Inport

Provide an input port for a subsystem or model.

For Triggered Subsystems, 'Latch input by delaying outside signal’
produces the value of the subsystem input at the previous time step.

For Function-Call Subsystems, turning 'On' the 'Latch input for feedback
signals of function-call subsystem outputs' prevents the input value to this
subsystem from changing during its execution.

The other parameters can be used to explicitly specify the input signal
attributes.

ibutes

y =

>> rtwdemo_autosar_multirunnables

& Modeling Multiple AUTO SAR Runnable Entities
(T —
&2 Runnable ) D
= ; @D ot >
‘i‘ Runnable2
function() :
CGa—
RPort_DE1 i
Gr— ¥
RPort_DE1 ' EX funcfioni)
(Errorstatus) T — ™ T PPort_DE3
Runnable1_subsy stem el PPort_DE4
From1 From irvd
Runnable2_subsy stem >
(D ; >
S B
Goto1 invd
PPort_DE2
CE—
RPort_DE2 inv2
Runnable3_subsystem Goto
Configure Model View AUTOSAR -
As AUTOSAR Code Generation O haten Codar”
Software Component Options {double-click)
(double-click) (double-click)
Copywight 1984-2013 The MathWorks, Inc.
»
Ready 97% FixedStepDiscrete

"|| Port dimensians (-1 for inherited):

Variable-size signal:

Output function call

i Maximum:
] [
Data type: | Inherit: auto

Lock output data type setting against changes by the fixed-point tools

1
Inherit

Sample time (-1 for inherited):

1
Signal type: |real

Sampling mode: | Sample based

0K J[ Cancel ” Help Apply

9 [

For the multi-runnable modeling
pattern, each input port that
represents a runnable trigger
event will need to have the
check box for Output function
call checked as part of the
iInport properties.

This allows for function triggers
from a test harness model to be
passed across a model
reference boundary.

19



Model AUTOSAR Components

AUTOSAR
Software
Component 1

Application Layer

4---

AUTOSAR
Software
Componentn

«- A
(T} »int (D3 »in1
I _1s o Ot In1_1s Rl
------
Sum Async AsyncTask i 551 sum
0 (1) Specification |
Outt g Out1
Int v
In2_2s function()
Integrator ut In1 Outt Hin1
¥ In2 Out2 In2 25
n_ outt
I Rate2s
In2 Out2
882

Periodic rate-based

Periodic and Asynchronous

A\ MathWorkg

Sanver

=
Pulse -

Over SpeedDiagnostic{ Clear_Command)
Agvensaze R
CurrentError Status —@
Pulse Error Status
CurrentPulse Status.
OverspeedDiagnostic
*3)
AvgVeh Speed
Calied evey i ms 4@
E— OdoValue
iodicOdol pdate
funcfion()
Mode Based Call
PPortOdoVal

SleepCallEvent

odolivmiValue
UpdateCdometer
OdoValue NVM Value

cumeioga

function])

nvMvaLe I

StoreOdometerBefore Sleep
Runnable 1 * 1)
PPort_DE1
Runnable?
Tunetion(}
RPort_DE1
RPort_DE1 mimd
(ErrorStatus) irvd Py r T FPort_DE3
Runnablei_subsystem PPort_DEA4
From1 From irvd
Runnable?_subsystem
Runnable2 Tuncfion() .
Gotol i
FPort_DEZ
RFort_DEZ irv? .
Runnable_subsystem Goto

Multi-rate and Asynchronous
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Bottom-Up Workflow (Starting from Simulink)

AUTOSAR Authoring Tool

CLliliiiii | B Areercontaets.n |

| Bedrigi Gesn | T ] Dewrig oz L
L Aayoar_Open [ = L
................. | AP_DimmerzAP_.. | ... .
B B e Ll
e g [0——H» | i
................................... AnDoor_Cpen
B I I e AP Ll
Import
SWC Description
swc -
Description
i
= Vﬁ‘r'.
Configure AUTOSAR Interface: mAP_TimerObjlOMS_swe (=N EeR ===

¥ e

- AUTOSAR Flter Contents Export SWC Description/

@
4 1 AtomicComponents ® Help Runnablel

L D ASwWC 1 Generate SWC C code

[» ReceiverPorts NETE B Interface

E x:j::;c:;verpo e 8l SP_CheckTimeOut Timer_CheckTimeOut Tunction()

[ ModeReceiverPorts

ClientPorts

8l ServerPorts

EEI; IR;\?nables Car—» irvl function()
> @ S-R Interfaces DoorLeft_Open »>

. : E"_?]m‘:;:;e: . Runnablel_subsystem &>
» @& Timer_CheckTimeOut A UTOSA R d €sli g n Dim_Light

» == TimeOutFlag 5 >

e b (Meta-model) cwitciprassed

@ XML Options

DoorRight_Open Runnablez

Runnable2_subsystem
®3 Simulink-AUTOSAR Mapping
4 AUTOSAR Properties

21




Launch AUTOSAR Configuration

« The method for Configuring AUTOSAR Properties is

— selecting the Code Menu and then selecting C/C++ Code
— Configure Model as an AUTOSAR Component. (This will bring up a dialog screen as shown.)

—
L‘D’i rtwdemo_autesar_counter

ez, ~ &

o O

rtwdemo_autosar_counter |

File Edit View Display Diagram Simulation Analysis | Cede | Tools Help

— C/C++ Code
v = |
EME T HDL Code

@® |[Pa|rtwdemo_autosar_counter b

Data Objects

B U E e

Bl

»>

b | b

i

3

+

External Mode Control Panel

-:EI-&?—}
|

Build Model

Generate 5-Function

2 Code Generation Advisor

Code Generation Options...

Ulnit®

Ulnts Uint2 Configure Model as AUTOSAR Component...
INC Q sum out ! Verification Wizards 3
K - Mavigate To C/C++ Code
= Code Generation Report
equal_to_count |Doolean
l e RESET
y
. £ L
nt32 nt32
1 Ulnt2 - At
- - Input QOutput L
7 switch_out Amplifier =
X

This model generates AUTOSAR compliant code and software component XML files. .

>> rtwdemo_autosar_counter

Copyright 1994-2011 The MathWorks, Inc.

-

Ready

100%

FixedStepDiscrete

Configure AUTOSAR Interface (User Dialog)

[ Configure AUTOSAR Interface: riwdemo_autosar_counter = | G |
v e
4| *y Simulink Mapping ST "
4 73] rtwdemo autosar counter Use the Si to-AUTOSAR Explorer to configure the
S Inport - mapping of Simulink models to AUTOSAR software components.
3 Outports
fx Entry Paint Functions

P, Simulink-AUTOSAR Mapping

[ auTosaR Properties

To configure the mapping of the Simulink model, o to: [twdemo autosar counter

4\ MathWorks
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Simulink-AUTOSAR Mapping Editor

/

The Green Check mark is
to Validate the AUTOSAR
Configuration.

The blue Circle arrow is to
refresh the Simulink
elements.

The AUTOSAR Interface
Configuration is split
between two areas:
Simulink-AUTOSAR
Mapping and AUTOSAR
Properties. See this
accordion based Ul control
at the bottom left corner of
the dialog screen

View / Edit AUTOSAR Properties and Simulink Mappings

(

-
Configure AUTOSAR Interface: twdemo_autosar_counter

)

4 'P} Simulink Mapping
4 rtwdemo_autosar_counter
> Inparts
0 Qutports
Jfx Eniry Point Functions
& Data Transfers

HH auTosar properties
N

P, Simuiink-AUTOSAR Mapping

Use the Simulink-to-AUTOSAR Mapping Explorer to configure the mapping of
Simulink models to AUTOSAR software components.

Tips

To configure the mapping of the Simulink model, go to: rhwdemo autosar counter

With the accordion control set to Simulink-AUTOSAR Mapping,
configure AUTOSAR Mapping of Simulink:

Inports

Outports

Entry Point Functions

Data Transfers (IRV — InterRunnable Varialbes)

4\ MathWorks
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Editing AUTOSAR Properties

View / Edit AUTOSAR Properties and Simulink Mappings

|®| ReceiverPorts
4| SenderPorts
[** SenderReceiverPorts
[=2] ModeReceiverPorts
ClientPorts
@ ServerPorts
E‘ NvReceiverPaorts
[d] MvSenderPorts
NvSenderReceiverPorts
L? Runnables
EHE TRV
4 'ma SR Interfaces

» [HE Input

» MO Qutput

wa M-5 Interfaces

wa C-5 Interfaces

a NV Interfaces

{xt CompuMethods

{6 XML Options

il b |
Configure AUTOSAR Interface: rtwdemo_autosar_counter =NRC X
- i
¥ e
Filter Contents
4 HH autosar I
4 | [] AtomicComponents G\ Help
4 | | rtwdemo_autosar_counter
N B Mame ’ Kind

°ﬁ Simulink-AUTOSAR Mapping

L rtwdemo_autosar_counter  Application

With the accordion control set to AUTOSAR Properties, the user can configure
AUTOSAR elements / attributes such as:

= Add/Remove / Edit AUTOSAR Entities such as Components / Ports and
Interfaces

= Configure ARXML options such as modular or single file generated on
export or build; package paths; allow or not allow implementation types.

HH auTOSAR Properties

4\ MathWorks
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Mapping Inports to AUTOSAR Receiver Ports

Uint& " Uintd
- + j sum_out
3

* * Ulnt2 @

Ulnt8

S LR

equal_to_count |Poolean
e RESET
Yy r
¥, 5 nt32
(1) In Outp——»( 1 )
. Ulntd Output
switch_out Amplifier

Configure AUTOSAR Interface: riwdemo_autosar_counter

¥ €

4 "’} Simulink Mapping
4 rtwdemo_autosar_counter

= Inports
0 Qutports
S Entry Point Functions

Tip: To map a Simulink inport, select an ALUTOSAR(AR) Port and an AUTOSAR(AR) Eleme

* Input ImplicitReceive

Mame AR:DataAccessMode  AR:Port  AR:Element

llﬂput '];t

Input

Here is an example of mapping a
Simulink Inport to a AUTOSAR Port
Data Element. In this case, you can
see the Simulink Inport called Input
IS mapped to the AR:Port of Input.
The actual selection of the
AR:Element is a bit hidden in this
view. Notice that the
AR:DataAccessMode is also
available for the user to select from
this dialog.

4\ MathWorks
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Map Outports to AUTOSAR Sender Ports

UIntE- A Uintd
- + ./ sum_out

3

4 4 Ulntg @I

equal_to_count |Poolean

T RESET

YyYyY r
. & .
nt32 ntiz
(1 )—»in  oOut (1)
Ulntg 1 e i— uin® Input —r
n 7 switch_out Amplifier
X

== Configure AUTOSAR Interface: riwdema_autosar_counter

¥ €

4 "’} Simulink Mapping

= Inports
0 Qutports

4 rtwdemo_autosar_counter

fx Entry Point Functions

Tip: To map a Simulink outport, select an AUTOSAR(AR) Port and an ALTOSAR(AR) Element Help

Here is an example of mapping a
Simulink Inport to a AUTOSAR Port
Data Element. In this case, you can
see the Simulink Inport called Input
IS mapped to the AR:Port of Input.
The actual selection of the
AR:Element is a bit hidden in this
view. Notice that the
AR:DataAccessMode is also
available for the user to select from
this dialog.

Mame AR:DataAccessMode  AR:Port  AR:Element

2 Qutput Implicitsend lDumut v]put

4\ MathWorks
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Map Entry Point Functions for a Model

-

'@ Configure AUTOSAR Interface: twdemo_autosar_counter

4 ¥ Simulink Mapping
4 [%3 rtwdemo_autosar_counter Tip: To map a Simulink entry point function, select an AUTOSAR(AR) Runnable Help
Z Inports Name AR:Runnable
Outports f¢ Step Funct lleable_SteP v J

fx Entry Point Functions
Jfx Initialize Function
' Runnable_Init

'Runnable_Step

Here is an example of mapping a Simulink Function Entry Point to
an AUTOSAR Runnable. Note: The Initialze Function most likely
will get mapped to the Runnable_Step (In this example). This
Initialize Function is for blocks within the Software Component that
need initialization such as 1/z blocks. This is not the same as user
initialization of signals or varaibles.

&\ MathWorks
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Generate Code

-
"i rtwdemo_autosar_counter

File Edit View Display Diagram Simulation Analysis Code Tools Help
. 4 ui v == v ‘ | v o
% - @ HO-E-4OPb = ©- . - & o)
rtwdemo_autosar_counter
® [&jrtwdemo_autosar_counter 13 v
Q Ulni8 Uint8
INC LIMIT
E3 +/ sum_out ‘ J Uin
:g -~=
& equal_to_count [Poolean
() |
== RESET
LA A 4 Hh
§ 3
it it
: O™ sl ouf™= (D
1 . Ulnt8 Input Output
uints| 5 switch_out Amplifier
X
|This model generatesAUTOSAR compliant code and software component XML files. '
o Copyright 19942011 The M athWorks, Inc.
Ready 108% FixedStepDiscrete

4\ MathWorks

Build model into AUTOSAR compl
aint Code (Control B or build Icon
show to the left).

= Generates both C Code & AUT
OSAR Software Component de
scription files (ARXML files).

= Code uses RTE APIs to access
AUTOSAR Ports such as Se
nder Receiver ports or Client /
Server Ports as needed.

28



Select AUTOSAR Target

4\ MathWorks

= The mechanism for selecting an AUTOSAR target is similar to selecting an

ERT target

— via the Simulink Configuration Parameters menu, Code Generation Tab , System target file.

& Configuration Parameters: rtwdemo_counter/Configuration (Active)

Select:

Solver
Data Import/Export
Optimization
Diagnostics
Hardware Implementation
Model Referencing
Simulation Target
Code Generation
Report
Comments
Symbols
Custom Code
Debug
Interface

N

Target selection
System target file: grt.tlc
Description: Generic Real-Time Targs

Build process

"4 System Target File Browsen rtwdemo_counter

System Target File:

Description:

asapl lek

=
gutosar.tlc

Toolchain settings q- hmzr rlc

~HSOFN-ASEPZ Daca DErInrer
AUTOSAR
Embedded Coder

ert.tlc

Toolchain: Automatically locate

Microsoft Visual C++

Build configuration: |Faster Builds

Minimize compilation

Code Generation Advisor

Select objective: @ll <

Check model before generating code: @

ert_shrlib.tlc
llgrt.tlc

grt.tlc

idelink ert.tlc
idelink grt.tlc
realtime.tlc

rsim.tlc
rtwafen.tle

eLrearE visual CloT+r oolution File for Embec)
Embedded Coder (host-based shared library t

mn

Generic Real-Time Target

Create Visual C/C++ Solution File for Simml
IDE Link ERT

IDE Link GRT

Run on Target Hardware

Rapid Simulation Target

S-Function Target

[ | »

Full Name: C:\Program Files\MATLAB\R2014a\toolbox\rtw\targets\AUTOSAR\AUTOSAR\autosar.tlc

[7] Generate code only l oK ] [ Cancel I [ bielp ] [ APPlY ]
[7] Package code and artifacts Zip file name: [ l
s} oK I [ Cancel ] [ Help Apply

29



Overview of Generated ARXML

= Generated ARXML contains

— Component and Internal Behavior
— Datatypes

— Implementation information
= Lists all generated source code and ARXML files

— Interfaces
— Other entities

4\ MathWorks
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AUTOSAR Schema Versions

« Seamless support for AUTOSAR Releases

— Import detects AUTOSAR 2.x — 4.x release from
arxml file

— User selects AUTOSAR release from
configuration set options for code generation and
arxml| export

R2015b, R2016a/b, R2017a
R2014b, R2015a
R2012a/b, R2013a/b, R2014a

R2011b

R2010a/b, R2011a
R2009a/b
R2008a/b

Generate XML file for schema version |4.2

2.1
Maximum SHORT-NAME length: 32 3.0

"] Use AUTOSAR compiler abstraction ;;

["| Support root-level matrix I/O using |4.0
4.1

2.1,3.0,3.1,3.2 (Rev 3.2.2), 4.0, 4.1, 4.2 (Rev 4.2.1, 4.2.2)
2.1,3.0,3.1,3.2, 4.0, 4.1 (Rev 4.1.1)
2.1, 3.0, 3.1, 3.2, 4.0 (Rev 4.0.2)

2.0,2.1,3.0,31,3.2
2.0,2.1,3.0,31
2.0,2.1,3.0

20,21
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MISRA C:2012 for AUTOSAR target

« 100% Compliance with MISRA C:2012 Mandatory and Required rules

-

) Model Advisor - misraViolatingBitWiseOps

4\ MathWorks

File Edit FRun Settings Highlighting Help

B [P S = Fnd - <@ o

4 Model Advisor

> [ I3 By Product

4 I By Task
o I~ Code Generation Effidency
> [] IE3) Data Transfer Efficency
> |:| = Freguency Response Estimation
» |==) Managing Data Store Memory Blocks
» I=) Managing Library Links And Variants
> [ [C5) Migrating to Simplified Initislization mode
» I Model Metrics
> I3 Model Referencing

13

m

4 =% Modeling Guidelines for MISRA C:2012
a Chedk configuration parameters for MISRA C:2012
a Check for blocks not recommended for MISRA C:2012
a Check for unsupported blodk names
a Check usage of Assignment blocks
a ~Check for bitwise operations on signed integers
'0 ~Check for recursive function calls

'0 ~Check for equality and inequality operations on floating-point values
S . . ~Check for switch case Exlressinns without a default case Z -
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arch Documentation

I ' | | (i, New Variabl Analyze Cod ]| Prefe - 5
KE} LJLIJ \j EaFind Files L&; EE Mig L oo o Lti‘_u,] ﬁ @ Fadhbis (% GJ BCommunity

= L:} Open Variable w éf Run and Time ﬁ Set Path
New New Open LL;‘ Compare  Import Save - Simulink  Layout ____ ‘Add-Ons  Help 3 Request Support
Scripp v @ w Data Workspace @.Gear Workspace v Lf«‘ Clear Commands ¥ Library v W Parallel v v v 3
FILE s VARIABLE | CODE SIMULINK ENVIRONMENT RESOURCES I
<G H%E L » ¢ » Work » AUTOSAR » Demo v|P
Current Folder () Command Window (*) Workspace )
Name “ Jx >> Name = Value
& Average_VehicleSpeed_Calculation.slx
Details v [}
Select a file to view details
< | ] »

‘! Ready
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Verification with Software- and Processor-In-The-Loop (PIL)

= Support for SIL/PIL with AUTOSAR target
= Profile code and measure execution time on target

= Develop a custom PIL target for AUTOSAR using the toolchain build
approach

&% Configuration Parameters: riwdemo_autosar_counter/Configuration (Active) f
Select: Code profiling for SIL or FIL (1%
Solver Measure task execution time =
Data Import/Export |
> Optimization Measure function execution times .

» Diagnostics

Hardware Implementation Workspace variable: executionProfile Save options: lAll measurement and analysis data A k‘
Model Referencing Summary data onl
Simulation Target Code coverage for SIL or PIL All measurement and analysis data

4 Code Generation

Report Code coverage tool: ’BullseyeCoverage 'l [ Configure Coverage... o
Comments

Symbols SIL or PIL verification block 12 Esincs
Custom Code

Debug Create block: ’P]ZL -

Mterface

S [C] Enable portable word sizes

_Ode==

Templates Enable source-level debugging for SIL

Code Placement

Data Type Replacement
Memory Sections
AUTOSAR Code Generatio...
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Top-Down Workflow (Starting from SWC Description)

Export

SWC Description

AUTOSAR Authoring Tool

Clliiiiiiiiii | B ae_posrcontacts.

- Booriign Open | > —————> ] Doorignl_Open
AnyDoar_Cpen [

Merge

4\ MathWorks

Import

SWC Description

Export SWC Description/
Generate SWC C code

uuuuuuuu

Dim_Light

Runnablel
llll ni)
DoorRight_ Open
o i
DoorLeft_ Opan
Runnablel subsystem
SwitchPressed

Runnable2_subsystem

Runnablel
function()

M Od e I B ased DoorRight_Open Runnable2
DeSign @—D irvl funection()

DoorLeft_Open

Runnablel_subsystem
@
SwitchPresse d
Runnable2_subsystem

Dim_Light
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Top Down Workflow

L i o [ Fronterrtight: 34 F.. T
AUTOSAR Authoring Tool =P T
‘{7 e
o [5]  ooer:sarrnseer
ARXM L F I Ies i D“““’f‘:g Deseri Dtic:é
% =

Import as new Simulink model

Py rtwdemo_autosar_counter * E—

=l

File

Analysis Code Tools Help

Edit View Display Diagram  Simulation

B
Cutput_Output
>
Ready 100% FixedStepDiscrete

OR

Top Down Workflow

Starts with Authoring Tool, then user
exports ARXML files from Authoring tool.

Ee i Simul, Analy Code Teols Help

File Edit View Display Diagam Simulation Analysis Code
= [l = ik

%-@ Ee-E- 4O @« & @

rbwdemo_autosar_counter

@ |Palrtwd

[

=

=]

User can then either import the ARXML
files into a new Simulink Skeleton model
or Update an existing Simulink Model.

Update existing Simulink model

aaaaa

4\ MathWorks
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Importing ARXML Files

4\ MathWorks

SImport ARXML Files

importerObj = arxml.importer ('rtwdemo autosar multirunnables.arxml'")

$Create new model with interfaces

model = importerObj.createComponentAsModel ('/pkg/swc/ASWC") ;

Top Down Workflow

Commands to create a skeleton
model with no internal behavior
setup in the skeleton model (no
runnables)

importerlbj =
r
The file "C:\Backup‘General Work FP5Fs‘\Documents‘\MaC T3 2014\rtwdemo sutosar multirunnables.arxml™ contains:
1 Application-Scftware-Component-Iype:
'/ekg/ swo/RIWCT
\
0 Sensor-Actuatocr-Joftware-Component-Tvpe.
0 CalPrm-Component-TIyvpe.
0 Client-Server-Interface.
C 8 B
RFaort_DE1 FFort_DE1
8 E>(2)
RFort_DEZ FFort_DEZ
Infor
= ED
FFort_DE3
FFort_DE4

Note: After running the
arxml.importer command, here
is the package that is needed for
the second command of create
Component as Model
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Import with Internal Behavior

1 Fcleanup

2 - bdclo=ze("all');

== clear;

4

B FImnport ARXMI Files

[ % After Creating the Importer Cbhject, wvou will obserwve

7 kS what components are available.

B = importerCb] = arxml.importer('rtwdemo autosar multirunnables.arxml')
9

10 iCreate new model with interfaces

11 % model = importerOb].createComponenthsModel (' /pkg/swe/ASHC' ) ;
12

13 %iCreate new model with interfaces and internal behavior

14 — model = importerfbhi.createComponenthsModel (" /pko/swe/ASWC",

15 '"CreatelInternalBehavior',true);

¥ ok<HDOPTS>

»>» importExample

importerChbj =

The file "C:\00_mdInfo\AUTOSAR\AUTCSAR Seminar\Demo2 TopDown\rtwdemo autosar multirunnables.arxml™ contains:

1 Application-Software-Component-Type:
' fpko/ swc/REWC!'

0 Sensor-Actuator-Software-Component-Type.
Parameter-Software-Component-Type.
0 Client-Server-Interface.

=]

Top Down Workflow

Commands to create a skeleton model with internal behavior

setup in the skeleton model (create with runnables)

I ASWC * - Simulink

File Edit View Display Diagram Simulation Analysis Code Tools Help

4\ MathWorks

o= o

]| | (ol PiE
'@' BE-E-e 4O P = - u » @ | &
ASWC
® |PFafaswc » -
@l ey
Runnable1
EZ
= Function()
(2 ) »|RFon_DE1_read FPort_DE1_wri » 1)
RFort_DE1 FPort_DE1
[=]
O ’—b IRV3_read RVi witefy
T
.
Rumnable2 i
i
¥
funcion()
[zon]] PPort_DEZ_wri »2)
IRV1_read FFPor_DE3
PPort_DE4_wri »( 3 )
FPort_DE4
=]
’—blm_read
IRV _write |y
o4
o
-------- i
Runnable3 i
i
¥
function()
FPort_DE2_writz HED!
@ »| RPort_DEZ resd FPort_DEZ
RFort_DE2
IRV2_write
[ 1
[z ]
] 1Rv4_read )
Rv3 itz []
lE_EI Runnable3 sys
»

Ready 100%

FixedStepDiscrete




Updating Existing Models from ARXML

V1.arxml

3 . ——
° rtwdemo_autosar_multirunnables.arml <--> rtwdemo_autosar_multiru les_v:

- Text Compare - Beyond Co

Updated to V2.arxml

Session  File Edit Search View Tools Help

e

Mew version available...

@ sesions v (F= @ RB oDt 48 deDEA

 C\Backup\General_Work_P5Ps\Documents\MAC US 2014\ rtwdemeo_autesar_multirunnables.arml

4/17/2014 8:32:44 AM 53507 bytes <default> v UTF-8 v PC

EEe

ChBackup\General_Wark_P5Ps\Documents\MAC US 2014\ twdemo_autosar_multirunnables_v2.arml -
5/5/2014 1:31:26 PM 54,563 bytes

=

<default> v UTF-8 v PC

<START-ON-EVENT-REF DEST="RUNMNABLE-ENTITY":»/pkg/swc/ASWC/IB/R ~

<START-ON-EVENT-REF DEST="RUNNABLE-ENTITY"»/pkg/swc/ASWC/IB/F

-

<PERIOD>1@</PERIOD> <PERIOD>18@<,/PERIOD>
- </TIMING-EVENT>
= 7 | ¢a <TIMING-EVENT UUID="c89mmmjk9883-laal-5915-9e56-b61a2122761e"> =
= <SHORT-NAME>Event_NewRunnable</SHORT-NAME>
<START-ON-EVENT-REF DEST="RUNNABLE-ENTITY™:/pkg/swc/ASWC/IE/N
<PERIOD>1</PERIOD> I
/j </TIMING-EVENT>
</EVENTS> </EVENTS>
<HANDLE-TERMINATION-AND-RESTART>NO-SUPPORT</HANDLE-TERMINATION-AND-RE <HANDLE-TERMINATION-AND-RESTART>NO-SUPPORT</HANDLE-TERMINATION-AND-RE
= <IMPLICIT-INTER-RUNNABLE-VARIABLES: <IMPLICIT-INTER-RUNNABLE-VARIABLES>
<WARIABLE-DATA-PROTOTYPE UUID="89a2ac5@-ela@d-5ffb-813a-fa88c33ade {VARIABLE-DATA-PROTOTYPE UUID="89a2ac5@-elad®-5ffb-813a-fa88c33ade
<SHORT-NAME>TIRV1</SHORT -NAME > <SHORT-NAME>IRV1</SHORT-NAME >
<SW-DATA-DEF-PROPS> <SW-DATA-DEF-PROPS>
T FILTERED LINES T FILTERED LINES
<RUNNABLE-ENTITY UUID="c6f81lbbf-d65d-514b-3b2e-afd42b655th22"> <RUNNABLE-ENTITY UUID="c6f81bbf-d65d-514b-2b2e-at42b6s55th22">
<SHORT-NAME>Runnable_Init</SHORT-NAME> <SHORT-NAME»Runnable_Init</SHORT-NAME> £
<MINIMUM-START-INTERVAL >8</MINIMUM-START-INTERVAL > <MINIMUM-START-INTERVAL>®</MINIMUM-START -INTERVAL >
<CAN-BE-INVOKED-CONCURRENTLY>false</CAN-BE- INVOKED-CONCURRENT = <CAN-BE-INVOKED-CONCURRENTLY>fTalse</CAN-BE-INVOKED-CONCURREN]
<SYMBOL>Runnable_Init</SYMBOL> <SYMBOL>Runnable_Init</SYMBOL>
- </RUNNABLE-ENTITY>
=) 7 & <RUNNABLE-ENTITY UUID="c78xurkx-d65d-514b-2b2e-asdfsdfw3341">
<SHORT-NAME>NewRunnable</SHORT-NAME >
<MINIMUM-START-INTERVAL>@</MINIMUM-START-INTERVAL> |
<CAN-BE-INVOKED-CONCURRENTLY>false</CAN-BE-INVOKED-CONCURRENT
<SYMBOL>NewRunnable</SYMBOL> I
//4 </RUNNABLE-ENTITY>
<RUNMNABLE-ENTITY UUID= bc5-ae6f-5a11-68a2-a9b3caledbss™ > <RUNNABLE-ENTITY UUID="277@8fbc5-aebT-5all-68a2-a%b3caedhbs™> J'
<SHORT-NAME>Runnablel</SHORT-MNAME> <SHORT-NAME>Runnablel</SHORT -NAME » |
<MINIMUM-START-INTERVAL>@</MINIMUM-START-INTERVAL> <MINIMUM-START-INTERVAL>@</MINIMUM-START -INTERVAL> i
<CAN-BE-INVOKED-COMCURRENTLY>false</CAN-BE-INVOKED-CONCURRENT <CAN-BE-INVOKED-CONCURRENTLY>false</CAN-BE-INVOKED-CONCURREN] R
<DATA-READ-ACCESSS: <DATA-READ-ACCESSS: o |
<WARIABLE-ACCESS UUID="98cl6d63-alal-5942-2785-2483Te25bha— <VARIABLE-ACCESS UUID="98cled63-alal-5942-270a-e483fe25b:
461 FILTERED LINES < 461 FILTERED LINES ¥
120:1 Default text 1 m + 120:1 Default text 1 L} +
= </TIMING-EVENT>H ||
G- + ¢/ TIMING-EVENT >= 1
I & |
# 2 difference section(s) Same Insert Load time: 0,09 secends |I
= —— =

4\ MathWorks



Update Existing Models from ARXML

&\ MathWorks

1 Fcleanup

&= bdclose ("211") ;

3= clear;

4

= cpen system('ASWC'): |% Model neesds to be open in order to perform update Model Command
&

7 FInport ABXML Files

g - importerChj = arzml.importer ('rtwdemc autosar multirunnables v2.arzml')
9

10 El0pdate existing model

13 — inmporterChj..updateModel ("ASWC")

Top Down Workflow

Commands to update an existing Simulink model
that already has an AUTOSAR configuration.

Notice that a report was created such that the
user can understand what has changed in the
model.

AUTOSAR Update Report for ASWC

This report details the updates applied to Simulink model ASWC based on differences between the imported arxml and the existing AUTOSAR configuration

contained in the model. A backup of the original model has been saved to ASWC_backup (compare models). The report also recommends manual model
changes
Simulink

Automatic Model Changes

Automatic Workspace Changes

Required Manual Model Changes

Optional Manual Workspace Changes

AUTOSAR

Automatic AUTOSAR Element Changes

Added ConstantSpecification /pkg/dt/Ground/DefaultinitValue_Single
Added FloatingPoint /pkg/dt/Single
Updated Type reference of IrvData /pkg/swc/ASWC/B/IRV4 from /pkg/dtDouble to /pkg/dt/Single
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HOME PLOTS APPS EDITOR PUBLISH (24§ i | Search Documentation

lﬂ EJ Run Section '\LL,P

Breakpoints  Run Runand |- Advance Run and
v . Advance Time

Ci_b \j H E&]Fmd Files = R Insert E& fx v
: L Compare v [ GoTow Comment % 42 /J

v v - BPnnt v 4 Find v Indent | - | ﬁﬂ

4 i O ,’

e
"l ]'Ibl

New Open Save

<

FILE | NAVIGATE EDIT BREAKPOINTS | RUN
G H 5 L » ¢ » Work » AUTOSAR » AAM » ARXML »
Current Folder ‘A Editor - C\Work\AUTOSAR\AAM\ARXML\ImportARXMLm Gl Workspace
Name « | ImportARXMLm | SBR_UpdateModel.m | + | hiaGaa T
[ slprj 7 $cleanup =
ﬁ ImportARXML.m 2= bdclose('all') ;
& SBR_Logic.slx Si= clear;
*& SBR_Logic_backup.six 4
) sBR _Logic_swc.arxml 5 $Import ARXML Files
] SBR_Logic_swc_modified.arxml 6 — Obj = arxml.importer ('SBR_Logic_ swc.arxml');
{‘J SBR_UpdateModel.m 7
8 $Create new model with interfaces and internal behavior
S

= model = OTj .createComponentAsModel ('/SBR_Logic_pkg/SBR_Logic_swc

Details v

f<| il b

Command Window *

Jx >>

Select a file to view details
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Hardware Support

Overview  Search Hardware Support  Request Hardware Support

AUTOSAR Support from Embedded Coder

Author and develop AUTOSAR software components for automotive systems

AUTOSAR (AUTomotive Open System ARchitecture) is
an open and standardized automotive software
architecture jointly developed by automobile
manufacturers, suppliers, and tool developers.

Embedded Coder® Support Package for AUTOSAR

Standard lets engineers model and simulate AUTOSAR = ‘ st
software components, generate AUTOSAR production ——y GO, SakSHEE S inie g
code, and verify AUTOSAR generated code using - Mode! fies R ) )33

software- and processor-in-the-loop simulations. The o
support package also enables import and export of AUTOSAR Support from Simulink and Embedded

AUTOSAR Software Component descriptions that Coder
support top-down, bottom-up, and round-trip workflows

involving third-party AUTOSAR authoring tools such as

DaVinci Developer.

Platform and Release Support

See the hardware support package system requirements table for current and prior version, release, and
platform availability.

View new features in the release notes.

http://www.mathworks.com/hardware-support/autosar.html

Search Hardware Support Hardware Support ~ Q

§ Trial software %, Contact sales

Ready to install?

Before installing the support package, confirm you have
the correct setup. View system requirements and
installation options.

§ Get Support Package

Getting Started Resources ~

Expand all

v Videos

Model-Based Software Development: An OEM's
Perspective (24:55)

AUTOSAR Code Generation for Multiple Runnable
Entities (2:46)

Automatic Code Generation of AUTOSAR Software
Components for Mass Production Application of Engine
Management Systems: Process and Benefits (26:03)

From Simulink to AUTOSAR Production Code (5:16)
AUTOSAR Client-Server SIL Simulation (5:38)
Simulation of AUTOSAR Software Components (6:01)
Model AUTOSAR Variants in Simulink (4:53)

Model AUTOSAR ECU Power-Up and Power-Down
Behavior in Simulink (7:20)

4\ MathWorks
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Embedded Coder Team

Develop AUTOSAR software components for automotive systems.

Embedded Cuderﬁ. Support Package for AUTOSAR Standard provides additional support to Embedded Coder that
includes modeling AUTOSAR elements and generating arxml and AUTOSER-compatible C code from a
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