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Mentor Graphics a Leading Technology Driver in
Electronic Design Automation (EDA) since 1981

B Revenue of $790M in 2008

B Market share ~23% of worldwide EDA Canada
market

Ireland
Netherlands

B Largest ECAD supplier to the
automotive electronics industry

B One of the largest SW
companies in the world (66th)

Spain

B 4,500 employees worldwide

Singapore

Austria Egypt Paki stal'lI mcha

Italy Hungary

Switzerland Israel

B Acquired Volcano (VCT) in May 2005

B Member of AUTOSAR since 2004
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Guiding principles for Mentor VSx tools

B Enable "front-loading” of development

B Enable shifting as much as possible of the validation effort
to a virtual environment

B Use standard terminology and data exchange formats
— AUTOSAR
— Eclipse
— EAST-ADL

B Cover the whole flow from requirements to SW and ECU
implementation

B Enable customers to step-by step adapt individual parts of
a complete solution
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Frontloading the E/E Development

Integration
& Test

Warranty
& ADs

Definition
& Simulation

Correctness by test

Analysis
& Design

Integration

W
& Verification arranty

& ADs

Correctness by design
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AUTOSAR Tag
@ BMW Group

E. Frickenstein
BMW Example BMW Group

16.01.2008

A 70% )\ e\

Spezifikation und Testund Spezifikation
Absicherun P L
Entwurf g und Entwurf Absicherung
heute 2015 t

=»Change from testing to correctness (impossible) to design to correctness!
= Frontloading is the main subject of Electronic Design Automation!
= Mentor is the company, which can take you there!
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Mentor VSx AUTOSAR SW development

tools
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ECU design
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Timing
N / D o

Volcano VSI

%@gﬁ%@m %é‘m%

© 2010 Mentor Graphics Corp. Company Confidential

www.mentor.com

GNSRIY




VSx Toolchain

E/E Architecture &
Authoring

e e

Validation and

| mromn ey

Testing and Conformance

Implehentation (ECU
Confia + BSW)

E/E Data-Backbone

...... -.:1‘ @m ———— s
[ e J
= E/E Data == -

= 3 e © -
e = [ _EE |- =
= E kb - e
— o ) e

— =
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Tools Overview

E/E Architecture &
Authoring

Validation and

] E/E Architecture Exploration

= System and ECU Design SimUIa tion

. SWC, CSWC and deployment y . .y ) ) .

= AUTOSAR and EAST-ADL based 4 VSx aDr'\Sc}r\'/g‘liifjeadtiz'r:‘";‘f'a;\';\’/g' debugging
= Concurrent engineering Pl atfo rm . CtUML and IDE based SW

development

System Design

. Network Design for (LIN, CAN,
FlexRay)

= System and ECU Design TeStinq and

= SWC, CSWC and deployment

= RTE, Diagnostics (ODX), NVRAM Conformance
Testin

= TTCN-3 based testing of
automotive SW (on PC and Target)

] AUTOSAR conformance testing

Implementation (ECU
Config + BSW)

= ECU Configuration
= AUTOSAR BSW

E/E Data-Backbone

Ll Data management

" E/E PLM

] Version, Release and Variant
Management
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VSA
Vehicle Systems
Architect

VSx
Platform




Volcano VSA

B VSA is a system level design
tool for vehicle SW, electronic
and communication systems

B Currently VSA is focused on
development and
implementation level

B VSA is being extended into
various areas:

— High-level function design

— E/E Architecture design support
— Design Data Managment

— Variability management

11 VSx Overview - Company Confidential

SHORT HAME path

eatepory

L= ]x]

[samplets_swelCompestenTz
nnnnnnnn
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VSA Technical Overview

~C Vehicle ECU Topology Signal/ Vehicle [ Cluster Builders f| Metrics [
\ Function Resource Editor Group System Generator | i .
L -
N Description Editor Editor Editor / g - o : Functional
N Editor Function ||| 2 || ® || 2 ' Layer
N Mapper !
i B I B ] | B S
- _ _____H ______ =B B - ___ B . _____ B . ___ |
. Backplane
Eclipse Framework
C L X ) | I
File Imp/Exp | Version SQL Customer . \
Interface | Control Database Specific : ECU File
' Interface Interface Interface )! | Extractor Merger
t i o = i ! Tool
AUTOSAR || Customer | !
VTP (fix,net) | | | Version Specific i
LDF, NCF || Control SQL Files/DB ;
Fibex .| System DB :
DBC | e.g.SVN |
B OPTIONAL '
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VSA — Activities

a
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VSA — Activities

~

Requirements Management

&

D ECEEEEEE TR =

Runnables
R1 24

hermany:
Rt 458
Fi0hd 2424
Stack <120

Model Driven
evelpment

~2I;IEImE:
Vehicle Function De

ECUs 1/0
Networks Carry-over
Peripherials  New design

Topology def

[

A
v

\

Constraint : function : com safety
if f.classification == “gSafety” {
for i in all inputs

1

sssss t (i.type != LIN);

Constraint : SWC map : unigue ECU
sssss t (sl.ECU != s2.ECU)

Constraints and consistency
\ (OEM design IP)

< Internal signal

{J\—l netwark signal

TR age 200ms
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SWC definition

B Define ports,interfaces, runnables
B Graphical or tree-like views

| *my_swc.argraphics | “my_swc & | @ my_swc.arxml | =
lv?'"""".Z_.f_'._'_'_."'"4"'""'._'_él.""""': Lo Palette [
- T~ @ = -
: Das st eine SWC... b &
g (= Objects @0
¥ # ARPackage
f

: swe_1

. - ]

f [e]ro_1:ifsr pp_1:it s i
- de_sruintg| | de_sruintd

15
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CompositionType
@ applicationSoft...
i3 SensorActuator...
[« PPort Prototype
[»] RPart Prototype

E Properties 52 l

B my_swc

I

Core [
Rulers & Grid

Graphical SWC ediitor

Display

Measurement
7] W
Shaw Grid —
Grid In Front S e
Grid Line

Snap To Grid
[Jsnap To shapes

Style |Spaced Dot | [Restore Defaults

[ my_sys.arxml ||ﬂ ABS_AR._Migration_.. “ﬂ my_swe.araml £ | 5 =
& AUTOSAR Editor |§\ O ETERRER

(Filter: None) =

i

‘type filter text

=@
=113 Components

ApplicationSoftwareComponentTypes
swc_ControlPanel
8 swc_controller
=03 part
[ pp_ctrl_sH
[ pp_status_ctrl
E rp_Heater_SH
[®] rp_stage_sH
-] rp_Temperature_SH
ﬁ SensorActuatorSoftwareCompaonentTypes
k swe_Display
{E%: snc_HeaterInterface
k swc_ReadHeater
B swe_ReadSuwitch1
1B swc_Readswitch?
k swc_ReadSwitch3
Bt swc_sensornterface
-JE31 composition
= ﬁ Datatypes
2 £3 BooleanTypes
Boal
ﬁ IntegerTypes
=& Portinterface
=J63 Clientserverinterfaces
% if_Display
operation
op_Display
(3 argument
B> if vram
SenderReceiverInterfaces
Iﬂ SwelnternalBehavior

Editor | Dependencies | Software Components

AUTOSAR Editor
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Compu-method definition

& Software Components

. G ra p h i Ca I PortInterface Mapper | Software Composition | Computation Method

Computation methods Scales

PhysZInt | Int2Phys | Basic | Expert |

ed |t0r to defl ne |Type il | [M] |TVI:'E text ko find | |Interva| V| Short label | kest | B

Mame

H Contents bype Contents walue | Type | Rational Formula i |
relation =8 o

Y =kiAma armitila =4 o £
B newamt Rational Formula R o]

between ¥ Jie overlo ] 001

. Upper 0 |ﬂ| o2
internal and

physical values s [ 1e

I» Den|2 |3 -

<
- Rat|0na| apply | |Discard

fu n Cti O n - ¥isualization
linear : “””’M/,’ﬁ i

— Constants :
-0-8 6 4 -2 0 2 4 & 8 10 12 14 16 18 20 22 24 26
- TeXttable unit | |[E Inkernal v

< | >

| £

— Linear g
— Piecewise

Fhyysical
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Runnable Editor

17

& *hhy_ContralPanel 52

tp_Mode_SH:if_Mode SH @

< de_Mode_SH

rp_Warning_SH:if_Warning_SH @

< de_Warning_SH

r_set_mode a

events
@ TimeEvent_set_mode: 0.1

B dra_rmode_SH:DataReadicoes

& dra_powermgt: DataReadsoress
™ dra_power:DataReadaoes

wi dra_status_ctl:DataReadAoses

B dwa_stage_SH:Datawritesomsss

IRunar_

o ]

Etage_SH:Uint3

o _Povwverhgt:if_Poweigt Iz‘

r_display_cp a

| events

E dra_mode_SH:DataReadaccess
B dra_warning_SH:DataReadances

¢ de_Poweigt

B Runnables

B Interrunnable

variables

VSx Overview - Company Confidential

B RTE Events

po_ME

¢ de_

pp_Ste

@ de_

pn_Dis|

@ op_

oo Palette

(= Event Objects

& Made Switched
Ak

0 asynchronous
Server Call
Returns

@l Timing

&0 Mode Switch

»! Operation
Invoked

! Data Receive
Error

! Data Send
Completed

! Data Received

(== Event Connect. ..

[ Data Recsive
Error

[ Data Recsived
#9 Operation
Irvvoked

£ Server Call
Returns

£ Data Send
Completed

£ Mode Switched
Ak

B Data send/receive points

<0
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VSA — Activities

~

Requirements Management

&

D ECEEEEEE TR =

Runnables
R1 24
R 40

hermany:
Rt 458
Fi0hd 2424
Stack <120

—E-

Model Driven
evelpment

-200ms

Vehicle Function De

ECUs 1/0
Networks Carry-over
Peripherials  New design

Topology def

[

A
v

\

1

m | Constraint :
if f.classi
for i

function : com safety
fication == “Safety” {
in all inputs

sssss t (i.type != LIN);

Constraint :
sssss t (s1.

SWC map : unigue ECU
ECU != s2.ECTU)

Constraints and consistency
\ (OEM design IP)

VSA

< Internal signal

{J\—l netwark signal

TR age 200ms

chtlon aIIocatloy
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Vehicle level electrical

1 design (CHS)

Physical domain

Metrics
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SW composition definition

B Graphical design
of SW
compositions

B Zoom in/out
Outline view
B Delegation ports

19 VSx Overview - Company Confidential

& System - SWC_platform_B/SWC_SH.arxml - Vehicle Systems Architect

File Edt Wiew Navigate Search Project Run Tools Window Help
- B by [ o dis o | R oie | 5 00 BiQ-ig e
[ &) 5w Component | () System | T ECUResourcs [ St Component
5. Navigator E1 =0 =0
&~
LT CHS_sample
(@) ECU_platform_B
1] .project
[3] ecu_sH.arsml % Palette [
(@ Featr 1y ekt
(@ Fx_demo
= (@) SWC_platform & {7 Marquee
i (= Diagram Nodes 0

() swc_sH.anml newComponentPrototype

(@) System_platform_B
[¥) .project
dd
[2] System_sH.arxml Ll PRortProtokype

[&] Sustem_sH.arxmi [3) sWC_SH.arsml & *CowC _system_SH 52
-~

Componentrot, .

add
RPGHPrototype
(& Connections 0

/" hssembly
Connector

’ " Delegation
Connectar

SWC_Contraller_prototype EI

EZ outine £7

SWC_He

=l

|
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VSA — Activities

~

Requirements Management

<

A A
| v
100ms
1
: A
: *~..200ms
! Vehicle Function De
v 1 K
~
,-1ﬁﬁrns-h‘“~,
Runnables hemary -
R125 R 458 :“—_ﬂ—
[ R2 &0 RoOhd 2429 ] Py
Stack <130 > c| ,
— w
—BE- L
SWC desc def SW Composition
- L

20

evelpment

Model Driven

ECUs
Networks
Peripherials

Topology def

Carry-over
New design

A
v

\

1

m | Constraint :
if f.classi
for i

function : com safety

fication == “Safety” {

in all inputs
sssss t (i.type

= LIN):

Constraint :
sssss t (s1.

SWC map : unigue ECU
ECU != s2.ECTU)

Constraints and consistency

\ (OEM design IP)

age 100k

< Internal signal

{J\—l netwark signal
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VSA
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1 design (CHS)
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Topology Definition

57 Paletts I
RAD-

B Eculnstance

= Clusters a

= Communication. ..

— LIN Clusker

= AN ClLuster

—& Flexray Cluster

— PhysicalChannel

(= Contrallers =

Communication. .
[T LIN Master
Controller

LIN Slave
Controller

= ECUs = Communication interfaces

= NEtworks = Communication
Connectors
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VSA — Activities

~

Requirements Management

@

200ms
Vehicle Function De

.
A .
¥
‘
4 i
] 1
1
i 1
[
L]
N ‘
1] "\ L
- 4
~a

Stack <120

- 100ms -l
Runnables hemary - =
Rl 25 Feith 455 3 —
R 50 R 2480 .
L
— {J

—fE- "~ 20"

SWC desc def SW Composition

22

A
v

\

g | Constraint @ function : com safety
| |if f.classification == “Safety” {

for i in all inputs

1

sssss t (i.type != LIN);

Constraint : SWC map :

sssss t (sl.ECU != s2.ECU)

unigue ECU

Constraints and consistency

\ (OEM design IP)

VSA

petphenss < Internal signal
= ‘ ==
— ' (
ECUS 1/0 > {J “\—fnetwork signal
—— Networks  Carry-over v
Model Driven Peripherials  New design s age 200ms
evelpment Topology def AFunction allocation
Lo T Vehicle level electrical
C 1 design (CHS)

Physical domain

Metrics
Architecture
evaluation

N




SWC to ECU mapping

B Map SWC to % SWC to ECU Mapper IE Data Element to System Signal Mapper |
ECUS ECU Instances Components in System
Type text to find ECU / SWC v | [Next] | —
B Search by et
. ECU f5WC Full Context Path Component
typing B & ECU_HMI P R ————
% cp_ControlPanel cp_ControlPanel e :;|-:|_F'-.|;eat.15.wi1-:d1-1
@1 cp_Readswitch1 cp_ReadSwitchi - R
@1 cp_ReadSwitch2 cp_ReadSwitch2 - : T _ N B
@1 cp_ReadSwitch3 cp_ReadSwitch3 i= T T i i i i
£ cp_Display cp_Display — . T )
= B ECU_Controller Y : .
@1 cp_SensorInterface cp_SensorInterface — = - e
% cp_Controller cp_Controller E - e
@1 cp_ReadHeater cp_ReadHeater — T
@3 cp_HeaterInterface cp_HeaterInterface E
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ECU Resource Generator

B Generates ECU
resource based on
system design

B Allows user to
define additional
ports and pins

B Select
external/internal

property

24 VSx Overview - Company Confidential

2 FCL) Resource Generator

Defining ECU HW Element

The EiCU Instance should be selected,
Refine the name of the ECU and the related Sensaors and Ackuataors,

ECUInstance: | ESC

ECUI Hy Element: | ESC

Sensors|Ackuakars:

Mame Type Internal Extermal | #
IHET _=Ww SEMSOR A

ESC_WRMG_LF SEMSOR A

ABS WRMNG_LF SEMSOR A

WHL_SPD_oUT SEMSOR X n
ESC VLWl SEMSOR A

ESC_WLY:Z SEMSOR A

ESC_WLW3 SEMSOR A w
@ <Back || Mext > Finish
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VSA — Activities

~

Requirements Management

&

25

A A
| v
100ms
1
: A
: *~..200ms
! Vehicle Function De
v 1 K
~
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Constraint :
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System Signal to Data element mapping

% Mappings} @] Communication |

B Define the
relation between |

ECU [ Components [ Ports System Signals
SWC data Filter | Al v
ECU |ECU_HMI |
EIementS a nd |T‘IIZ'E e | |Da1ﬁ — | |T\,r|:|e text to find | |System Signals { Groups | % | Next
SyStem Slg na IS Data Elements [ Operations Type Mapped S A e L £
= @ o | =5s SysSig_outl Boolean 1
I:j_Contro s E | won SysSig_out2 Boolean i
= _Sge_SH — R = SysSig_out3 Boolean 1
> _ : Sge ' "‘I . =0 SysSig_display_sh Integer 16
i '_' o _': o '.: == SysSig_stage_sh Integer ]
£ I | > E] B SysSig_temperature_sh 3
= SysSig_heater_sh Boolean 1
Type text to find | [Ecu v [z] ‘. SysSig_ctrl_sh Integer 8
ECU Component Proto... | Part L =
& ECU_Controller & cp_Controller E rp_Ste bid
A 3 £ L

Editor iDependencies | Software Components | System |
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Network Design
VSA - Com Designer (option to VSA)

B AUTOSAR based
- [® FcB - FeB_Test/a.arxmi - Vehicle Systems Architect
n etW Ork d e SI g n f Mm e P 7ok S S o

LIEE
by ldr @ 40 G

£ | © Fee | @0 sW Compunent

5 Mavigater 57 |

B % 7 7 0|Q =anm 2

£ = O || proparte | @ stris edtor 51 | = [al
I S - = @ Fea Test 4 AUTOSAR Editor
— IgNa to 3 2ot [ I

B EEHFFTERRER
[3) a.anaml

(Filter: Nona)
my_swc.arxml

=
i1 = {8 substitutionFrame

<

= IJ newSubs liluon Frame

Pl 3 sdmruats .
. i L desc
Mapping -

H {3 pduToFrameMapping
w-& PGrains

Editor | Dependendies |
i SWC to ECU Mepper | R SWWC Mepper | g Data Element to System Signel Mapper | [ References |[£ Problems | @ Signel to IPDU packing £1 -
— IPDU to

€ Docuren... | ) vsxRepo...| @ [PDURe... (1| EZ Outine| ~ O
chh

E

receiver ECU Timing info

~ & e
connChg [w]
frame

Unpacked Signals | Signal groups
Select filter column | IPDUs / Packed Signals [~ Select filter column | Signals / Signal groups [~
. o) )

I’ ' l a I I’ I IPDUs / Packsd Signale Length Offest Start Position Packing Eyta €] Signals / Signal groups Length Channel(s)

= [ ipduzer o 8 G siy1 16 [ @ Signal Recelver Information 23 =g
sg3 12 + 4 Littiecndian
B newrsignal 0 o 0 LitteEndian LittleEncian

[ probdddda 12

— consistency |
check

i

[ I}

= The Com Designer options are separate products for
each protocol type (CAN, LIN, FlexRay)
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Manual FlexRay Scheduler

n - FCBTr/Mixed_04.arxml - V. e Systems Arc

File Edit Mawigate Search Project Tools  Window Help

-EHe b O i ee-
I §] sw Component | () System | T ECUResource [ 5w Companent

[ *Mixed_04.arxml 52 |
= 1 =
%= | B} System ¥ @
System Target Package [_'B']
| fch_sws/newsystem w E]| | fch_svs v E]| =
L?ﬂ Mappings @] Cormmunication i'ﬁ'l

Cluster ECU instance
=
| FlexrawCluster Ja - E]| |Ecu1 w D| -

ISignal ;Flexray Protocal Configuration | ISignal ko IPDU packing | IPDU to Frame packing | Manual Scheduler

Slots Triggered frames
Static part | Dynamic part | ) ) ) |Type ket to find | |Name w | n
|Type texktofind | |Frames - Mame Channel Deadline [ms]  Starting time [ms]  Repetition time...  Debounce time. ..
Frames Channel B.Cvcle Repetition Calc. Rep. [ms] ™ I:I newFrame & 200,00 400,00
23 slok 2
(53 slot 3 E
3 slot 4 @
= 3 slot 5
1 newFrar & 8 8 120
53 slot 6
53 slat 7
(3 slat 8 -
w Visualization
Cluster |ECUI|
~
Time [ms] ID =<t
Cyelefslot 1 2 3 4 5 & 7 g 9 10 11 12 13 14 15 16 17 15 19 20 21 22 23 24 25 26 27 28 29 30 a
» |
7
B
B & IE‘rame narme: newrr ame
B Channel: &
» | e %
(_ | Repetition: cycleRepetitiond l [E[EE]
Debounce kime: 400.0
- . . . Repetition time: 200.0
Editor | Dependencies | Software Components | System Tracking time: 120,0

o 3 - Ll




VSA — Activities

~

Requirements Management

<

D ECEEEEEE TR =

RFunnablzs hdemaory
R1 25 Rt 458
RZ &0 ROhd 2429

Stack <120

—E-

SWC desc def

~2I;IEImE:
Vehicle Function De

SW Composmon

29

evelpment

Model Driven

ECUs 1/0
Networks Carry-over
Peripherials  New design

Topology def

[

A
v

VSA

Constraint :

EBR
if f.classi
for i

1

function : com safety
fication == “Safety” {
in all inputs

(i.type != LIN):

Constraint :
(s1.

SWC map : unigue ECU
ECU != s2.ECTU)

Constraints and consistency
(OEM design IP)

age 100k

< Internal signal

{J\—l netwark signal
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Physical domain
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1 design (CHS)

Metrics
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Script support

30

B Scripts can read/
write from the
VSA data model

B Implement custom
consistency
checks, reports,
small features etc

B Can be used for
almost any task,
not only
consistency
checks

VSx Overview - Company Confidential

f'ﬂ"k
* Get list of 3WCs for all packages
* [@return {[3tring, AtomicSoftwareComponentType, ALRPackage]} Returns a list of 3WCs
i
function getSwclist()
{
var root = ModelUtils.getModelRoot (&m) 2
/4 Get list of ALRPackage
var packages = root.getToplevelPackage|() !
var swoclist = new Array():
var total=0;

/4 Loop all packages

for(var i = 0; 1 < packages.size(); i++) |
var pck = packages.getii):;
var pckEl = pok.getElement () 2

#¢/ Check each element in this package
forivar j = 0; j < pokEl.=sizel): j++) {
for (wvar o = 0; o < swcTewpl.length; c+4) {
var element = pckEl.get(]j):;
if(element instanceof swoTewpl[c][1]) |
swclist[total] = [packElementBundle (pck,element) , elewent,
total++;

pck] ;

i
}
return swolLisc;

—
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VSA — Activities

~

Requirements Management

&

31

4 A
! v
i 100ms
| e .
1
: A
| S—
: Vehicle Function De
v i
v
Runnablzs hemany La"1‘-D|:|r'ﬂS Ay
E = = B
R 50 Rihd 2459
Stack <120 > {J E
—
—am- " 20
SWC desc def SW Composition
- =
|
Sa [ W
—_ ‘ m =
=N
ECUS I/O
—— Networks  Carry-over
Model Driven Peripherials  New design
evelpment Topology def

[

A
v

VSA

1

Constraint :

EBR
if f.classi
for i

function : com safety
fication == “Safety” {
in all inputs

sssss t (i.type != LIN);

Constraint :
sssss t (s1.

SWC map : unigue ECU
ECU != s2.ECTU)

Constraints and consistency

\ (OEM design IP)

< Internal signal

{J\—l netwark signal

TR age 200ms

chtlon aIIocatloy

Vehicle level electrical
1 design (CHS)

Physical domain

Metrics
Architecture
evaluation

N




Metrics Generator

B Defined metrics
concept

B |[mplemented
metrics
generator

B Parts library

32 VSx Overview - Company Confidential

=l Properties ! Metric:

topology_scS_chassis.arxml (org.eclipse. jface, viewers, TreeSelection)

Select System

| SyskemnSCs - |
Select ECU
| Esc v|

Select Metrics Type

| Costs w |

[ Open Library ]

Library: partslibrary . sl

Calculated Resource Needs
RAM

FLASH

oM

Library Sel...
Select Library Part

SensLateral

Costs of ECU:

ESC

Cost [$]
on

Generic Parts

[0 Parts

W ESC_wivg MESC WIS FESC_WLWG  ESC_WLWE WESC WLWD & ESC_WLWI0 & ESC_WLW1l MESC WIWI1Z

WESC Wy MESC w3 MESC_VLW2 B ESC_WLvl B Comcnt1CAN M newSensorHWPorl
B ey SensorHWRon2 ™ newSensorHWPon2 ™ newSensarHWPortd ™ newSensarHWRonS
rewActuatoHAPotl B newActuatoHwPo2

nenw A ctuato-ARo3

e A ctuator-WRord

B neyedctuatoHAWPoS ® nevActuatoHWPos @ neyedctuatoHWPon? ™ newedctuato-Ports
B rewActuatorHWPo L3 B new ActuatoWwPo 14 B newActuatoHywPoE 1S B Power & GRND

Generic Parts | IfO Interfaces | Micra Contraller |

[INFO] G: ESC_YLY1Z
[INFO] GL: ActLateral
[INFO] Raow: 8

[INFC] Calumn: 3 Rowe: &

Part Mame UUJID | Type  Library Type  Manufacturer  Cost[won]  Weight [kg]  Size [m]
ESC_... 26f... Ac... Actlateral Freescale 2.00 3.00 4,00
ESC_... ab... Ac... ActLateral Freescale 2.00 3.00 4,00
[BHE soo (@bor B0 0.00 0.00 0.00
ESC ... | 92... | AcC... 0.00 0.00 0.00
& 2|
[ Add Part ] [ Delete Part J [ Mowe Up ] [ fove Down ]
’ Analyze ECU Resource ] [ Impork ECU ] [ Export ECU ]
A
v

© 2010 Mentor Graphics Corp.
www.mentor.com
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Configurable Report Engme

4 o
LT =100 [yahicle WEIGHT SIZE
Report =2 [systemsc1 12.00 25.00 26.00
Choose the type of report you want to create., |
=b SystemSC2 11.00 27.00 25.00
) |m 10.00 15.00 23,00
Repart templates: Presisw:
S Rt [systemsca 5.00 13.00 11.00
My Firsk Report |m
ly First oae 11.00 23.00 25.00
Grouped Listing |
Dual Column Listing SteeringSystem 20.00 34.14 29,60
Chart & Listing 4 g4
Dual Column Chart & Listing W Valus
Side by Side Chart & Listing
d 0
AUTOSAR Sample Fin Repurt
AUTOSAR sample SWiC report
AUTOSAR SWC ko ECU mapping report {m REPORT Authar |
AUTOSAR SWC ko ECU mapping repart {lis CCU Tatle Date [pirtDateTime. today()
AUTCOSAR report
ccu: Revision
Date
q I I _'I Description: O T E—
= o O
I~ | Shows Report Greation Cheat Shest
: HrPi HurF - 'O
Report Crientation: ILeFt Ta Right j Pin Diagrarm O e o)
O T a—_
: ECNE e ll] :
. O GHD) =Pl O
(7) < Back | [ext = | Finish I Cancel |
: rtaD Sl :

= User can configure content and = Present data in various formats
layout — Table

= Reads data from the VSA data — Diagram
model — Pictures

— Text
— PDF, HTML, Word, Excel

© 2010 Mentor Graphics Corp. Company Confidential
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Multi-user
Merge tool
Timing model



VSA and AUTOSAR - roles (simplified)

SW engineer
- Defining SW architecture
- Defining timing requirements
)
n
/
N\

SWC desc and
SW compositions

ECU Tier 1 Supplier

Systems architect

Systems architect
-Mapping SWC to ECU

- Defining HW architecture

-ale

Lﬂ&. zﬂs

N A
o5 mw B =] = =
>  mm "m=.
System desc (topology) System desc
ECU definitions (Mappings)

ECU extract CM

system

-

- Defining ECU properties

- Configuring ECU

ECU resource

ECU configuration

AR BSW supplier

Basic SW module
description

35  VSx Overview - Company Confidential

Network designer
-Data elem to sys sig map
-Frame packing/definition

:ﬁ]’}},

ECU engineer
- Defining ECU properties

ECU extract

System desc (SWC and SYS)

{(Communication
Mappings)

VSA

© 2010 Mentor Graphics Corp. Company Confidential
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VSA Merge Tool

= The VSA merge tool allows merging objects that has
by different sources

— Enables iterative development in separate tools
— Enables merging data modified by supplier or OEM

been update

respectivly
[2] my_swe.arxml & CoMP1 w =8
Merger
Target Source
|Tesﬂ:‘rcujekt,-"my_s'rx'c.arxml | |Tesﬁ:‘rnjekt,-"my_s'r".'c.arxml | E]
ALTOSAR fmy_swcl v (L.]  AUTCSAR/my_swc v (..]
% view— Operations
; - ' Options %Cumpare| |+|x|$ = ®% # 4+ & = |+|x|'—il| |ﬂ'=‘~_|<§ b= Execute
Target object E— / S
= [i Composition / = [i Composition N
=R = B, compt Source object
Merger Toolbar —
L [:I component
= = [0 connector
. E+ a_con
E|+ newAssemblyConnectorPrototype 1

36  VSx Overview - Company Confidential
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VSA Merge Tool

37

B Displays difference of objects and allows merging
selected elements and properties

@ *my_swe_kgt.arxml @ Copy of my_swe.arxml
Merger

Target

L= vy _swic_tgt.arseml

@ my_sys.arxml @ iy _swac_1 . arsml

Source

oy _swc.arml BT 4

. = O | E properties &2 EE Outline

| Merge_Seat_Heating_System/my_swc, arxml

| | Merge_Seat_Heating_System/my_swc_1,arxml

| ALTOSAR

v E]| |AUTOS.¢\R

Wiew

Options] l@&mparel |£|x|£|= & & 8 3

Oiperakions

Ho s

Differences
Property Target
tirnestamp
| E] checksurm
v category
— E” shorthame de_Mode_SH
uuid 32fF33Fe-78be-. .

isQueued false
Ty _swucfLlinkS

= [ toplevelPackage
B @ my_swc
= h Componerniks
= h ApplicationSoftwareComponent Types
= @ sy _tControlPanel
= [:I pq\rt

G

= Ii PortInterface
= ﬁ SenderReceiverInterfaces
= B f_Made_SH
= [:I dataElement:
E' + de_Mode_SH

VSx Overview - Company Confidential

= [ toplevelPackage
B @ my_swc
= h Components
= h ApplicationSofbwareComponent Types
= @ swc_ControlPanel
= [:I pork
(W petiEw

= Ii PortInkerface
= ﬁ senderReceiverInterfaces
= B f_Mode_SH
= [j dataElement

Source

de_Mode_SH
32fF33F8-78bc-4baC
false

Iy _swcfUink 16

© 2010 Mentor Graphics Corp. Company Confidential
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VSx Timing Model

38

i . Actuator1 !
'@ ot visible) |
i

______

i

| Sensor 1 1
| (ot visible) | @
| '_'!_'d

Sensor 1
Swe

___________________

Systern SWW
Compuosition

| Actuator2 !
@ | ot visible) |
1

______

! [}
! Sensor 2 i

| (not visible) | @
]

______

1
i
1
Sensor 2 Actuator 2
Swe > S
1

___________________

____________________

1
Sensing Delay i Application Delay i Actuating Delay

¥y __
&

¥

[ Y

End to End Delay

Y ___

S S

B Uses AUTOSAR and TIMMO (EAST ADL) timing model
[ Aﬁfull system timing model covering from sensor read to actuator
effect

B Based on defining events and timing requirements between the
events

© 2010 Mentor Graphics Corp. Company Confidential
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VSx Timing Model

B Covers timing requirements of “Delay”, “Synchronization” and
"Repetition” type

B Event chains can be defined to cover true “end to end” timing
requirements for a function

| Delay Constraint D >

Stimulu

Response

Stimulus Response

R%sponse

Delay Constraint A I Delay Constraint C I Delay Constraint B I

© 2010 Mentor Graphics Corp. Company Confidential E
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VSB

ign an

ECU SW des
configuration

VSx
Platform




Volcano Vehicle Systems Builder (VSB)

B Tool for ECU SW developers/integrators that need to:

— Transform parameters from Extract of System description into ECUC parameters
for a specific set of BSW modules

— Configure BSW module ECUC parameters

— Create BSW module descriptions

— Integrate and build ECU software and BSW module software
— Get design help for specific set of BSW modules

M VSB is containing several point tools, the most important are:
— BSW module generic configuration editor
— Designer Profile plug-ins (helps configuring a specific BSW module)
— RTE generator
— ECU project builder

© 2010 Mentor Graphics Corp. Company Confidential E-
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Volcano VSB

ECU Extract of
System Description

(Other legacy files)

II COM Config.

Designer Plug-ins

=8

[TTTIT T

0S Config.

o L 4 U U II
|:>ﬁ<j > ECUC Description
Import/Export
Merger II II II
__ )
Designer Plug-ins
G : C” fi = MCAL config.
eneric Lon |g.J | |
NVRAM Config. I/om TAG Config. Etc.

Constraints
& Consistency

ECU Builder N

RTE Generator
Configuration Generator 1

Configuration Generator ..

External Compiler/Linker

42 VSx Overview - Company Confidential

010100101010101101010101

O

1
0
0.
1
1

PO
2O
OO

101
101

Binary image
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VSB BSW Configuration Editor

B Two types of Configuration Editor CEN

iD-EeiP IR e | vsbcorfiur.. |

— @Generic (ot 5\ = 0| Barame =0
_ _ BEEN T
— A generic tree editor for advanced users = e .
3} autosar_2_1.epd B ¢ ComModuled

131 ComClusterBSWMD. brnd (=] Containgrs

— Supports configuring OEM specific modules - S

[ references

—  Specialized (Designer Profile plug-ins) e |

(58 ComPduGroup
(4l ComPduGroupt

— Hides AUTOSAR complexity i ‘

=+ PduRModuled

- E n h an CEd G U I : E E.Dm(an‘r:r:\snrwuhhshedlnfnvmatmr\ =

=[] Parameters
# ArMajorversion: 2

— Targeting complex AUTOSAR modules:

@ ArPatchiizrsion: 0

— Communication (CAN, LIN and FR) e il d

— =
= properties 51 (21 Prablems g8

- NV RA M Main CONTAINER
- OS ’ RTE 7 SC h M o, ‘ Short name: | comsseneral |

Definion

ConC 00080 |
— D tICS  Commen
Ia g nos Erors ComCorfigurationd: [ | ‘
i ComConfigurationUseDet: (e [Jfdse  Cundefined
— /O hardware abstraction
Comiersionlnfofipi Miree  [Dfdse  [Jundefined
- etc---- ComMgeDatalnvaldation: [ltree  [(fdse Clundsfined ‘
ComMgeDataSbstitution: [ltrue  Mfase  [Jundefined ‘
.
B Consistency and constraints comtoubweto  Dos Bt D
ComMgcFirstRTimeot: (e [fdse  Cundefined
—  Automatic handling of AUTOSAR dependencies oot e e Pl
ComMgcliedEndianness: [ltrue  [fdse Cundefined 3

—  Supports User defined constraints B

B ECU builder plugin

— Integrated make system to minimize build effort

© 2010 Mentor Graphics Corp. Company Confidential
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BSW

X

S

V
Platform

Embedded Software or

a4 Basic Software




AUTOSAR Basic Software Overview

B Currently at AUTOSAR version 3.0.2

— Standard AUTOSAR BSW
— Reference MCU: NEC V850 / GreenHills compiler
— Complete stack available now

— Optimized AUTOSAR BSW (Nano)
— BSW stack footprint requirements: ROM < 130kB, RAM < 8kB
— Reference MCU: S12XEP100 / Metrowerks CodeWarrior compiler
— Release available Q1 2010
— Major Nano configurations done = Minimized configuration effort

B Design/configuration tools
— VSB — Configuration editor/design tool
— VSC - configuration generators

© 2010 Mentor Graphics Corp. Company Confidential
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AUTOSAR BSW 3.0.2 stack

Application Layer

—
w

Boot-
loader

CanIf FrIf
CanTrcv FrTrcv

Firmware

splglal Microcontr.
Pwm, Adc N
Dio, Port Abstraction
Gpt, Mcu Layer
Wdg
RamTst

viicrocontroller

BSW is ported to target hardware and delivered as fully validated object libraries

© 2010 Mentor Graphics Corp. Company Confidential E
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VSx
Platform

VSI
Vehicle Systems
Integrator

"




Virtual Systems Integrator

= Java - Unnamed Compasition Type - Eclipse SDK

BT

Bl Edt Navigate Search Project Run Window

e $-0-Q- EE
dxqx (Nomasayr

Help
G- I®OAH-F-"E-
HDOMNEDO

(8 e |

ERA A

EX=)
géa.graphics
gtb.graphics

SBg
# gsa.graphics

8 packa 53 g Herer| = O agraphics [

Unnamed Composition Type 53

«interface»
Netwark

«interf,

GUL

[]Tempera?A

-
-«

Power manafy
)

3 EDGE Debug - sender.c - EDGE

In-Eels|s58 .4 %

T £ eoatProjects | 2 vGE vebug

w
Wt

Heater:\

Bl Edt Navigate Search Project Run Window Help

AR AIF-0-%-|# 0G0

HEE

)

%5 Debug 3

= 01| [riables | watch | Regsters % Breakpoits 53

A

=@

S k22 |B (S5 (%

X %[@> % | BEE"

=1 G Host Process [PID : 8796]

P User Thread : 6760 (Suspended)
=%, User Trread : 8952 (Suspended)

IXODAEZFDF

<

= 4 Generic xB6 - Win32 - helo_world [EDGE Applcation]

9 Windows Thread : 156 (Suspendec)
sender_OSTriggered(self) - sender.c, line:20
sek_task_e_taskA(...) - taskiL.c, line:37

P User Thread : 9008 (Suspended)

B receiverc:28 - Recetver_InpLtPort_CasestudyData() [Host rocess (FID: 8736]]
@ sender.c:20 - Sender_OSTriggered() [Host Process [PID : 87961]

Host Process [PID : 8796]>
1

. Navigator 23 = O [@ receiverc (1€ senderic 63 &l pisassembly ==
288~ El
= 8 o [Confgurson ] Ml s crie) orve sanerComponent.nn
= G Configuration 0 Lot
(= Mingw GNU Lbrary
) G Outp Lroid
B Sender_05Triggered (Rre_Instance self)
= 1@ tte [Confiqration ] B
e _J|© Execcount t rs=Ree Pim ExecutionCount (self):
Rie.c
149 rte_casestudy1 [Configuration 0] Bk
# > rte_casestudy1 - External Source
=6 rte_library [Configuration 0] ®  Ree_Urite OucputPort_CaseStudyData(self, 31
# (= Configuration 0
= G e o
@) Ree_actRe.c E
[2) Ree_ActRes.c | T >
B Command 22 AN
User Thread : 8992: stopped at semder.c, line 20 =]

Wriable Smart Insert

I
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B Multi-lingual multi-processor Model

Driven Development environment

B Design verification and validation

of embedded software in
distributed systems

B Initial target: AUTOSAR
B Integrates C/C++, UML, Simulink,

EDGE debug, etc

tezhatronics model

Simulink model

xtUML madel

G2
Generic
S

YOHL-AMS model ] "C"code asmodel ]

© 2010 Mentor Graphics Corp. Company Confidential
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VSI Application Software
Deve")pmel}io:urcing functionality

Software Modeling

VFB view

Models use code generated from
BridgePoint UML, Simulink, etc. or hand coding

= = ==

© 2010 Mentor Graphics Corp. Company Confidential
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VSI Tool Suite

< AUTOSAR Debug - CaseStudy1Composition - SystemVision MTX

Fle Edt Navigate Search Project Run Tools Window Help

Ci-rE& il (% BB -0 Q- 4185k @Ay
T 8] 5w Componert ¥ EDGE Debug [ Resource |g ALTOSAR Debug |
45 pehug E:él % I = 2| | S| 5T T O 0 yvariables 52 I@';‘Exprassmns|°o Ereakpoints Lot E| A PP E0
= €9 Ancther_Simple [AUTCSAR Application] || Mame Value

ECI1: Host Process [PID : 3488]

=] .nn CaseStudy1Composition
o windows Thread : 5896 (Suspended)

Senderlnstance
® - User Thread : 3572 (Suspended) B k 1 t ~ A osTriggered RUNNING
1= User Thread : 4360 (Suspended) re pol n > =] . QutputPart
= 0x004074A0 Sender_0STriggersdisel) - sender.c, line:18 % CasestudyData 1
0X00407502 osek_task_e_taski(...) - baska.c, line:3n 3 % Executioncount 4
= xD0AEZFDF = [0 recsivermstance
- User Thread : 2758 (Suspended) A tnputport_Casestudybata TO_BE_STARTED

E! .ﬂ- CaseStudy 1 Composition
= [0 serderinstance
= A OSTriggered (running) ECUL: Host Process [PID,
: = Ox00407440 Sender_O5Triggered(self
=[O Receiverinstance
-
B2 I

[ trputport

488] [User Thread : 4360] (Suspended)
Zender.c, line:18

% CasestudylComposi... 53 ¢ SenderCorffonent “# senderlnternal 53 [l sender.c 53 = m) | [ }”3 = (m
lal edl .
s R i o < Properties—
xecCount_t execution_count; Componer| ro I er O e a n a a
SIntlé message Sent; 5 7
= ype object
05Triggered " 3 =
Composition: CageStudy 1Composition a s ~ Identifiabl ra Ce
Sender_OSTriggered (Rte_Tnstance self)
serd_point @ L HORT-NAME |
N ExecCount_t *s=Rte_Pim_ExecutionCount ([:I b |
shortMame
- =) [l I &)
mder[nstance:sanda@. Recewer[nstance:Race@ category
@rEEENEh[ = Hucls EDGE Profil: idew Muc EDGE
L L PolPeriod @ + tPortiCaseStudyInterfEg| roid e
= CaseStudyData Receiver_InputPort_CaseStudyD:
period: 1.0 B i -
2 Rte Read InputPort_CaseStu
TOGGLE_PIN(IG _PIN1j:
if (YED_TEST())
{
FNORE 4.
<] m] &l \

Software Component Vi
SWC and Composition
Runnable and Task

IDE, Debugger

A

P L
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Benefits of an AUTOSAR System Simulator

B Excellent Collaboration
— OEM and Tierl communicate around executable models
— Achieve early specifications

— Required fu_nctionalil.g/ is communicated unambiguously,
before architectural decisions are made

— Achieve early integration and test

— Specifications with integrated functions and verification
suites increase chances of first-time success

B Verification is fast and accurate
— Simulates at a high-level of abstraction

B Integrate functions from multiple tools

— Functionality is best expressed in multiple domain-specific
modeling languages

B Use native modeling tools

— Developers remain in familiar tools, preserving investments
into existing tools and libraries

© 2010 Mentor Graphics Corp. Company Confidential E-
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VST

B Unified test environment for all AR BSW modules
B Full compliance with AR conformance tests (TTCN3 based)
B Minimized testing implementation effort
B Automatically generates
— Upper/Lower layers stubs

— TTCN-3 triggers/responses records
— Test reports

B Minimized test execution time

B Achieves easy integration between BSW modules from different
sources

© 2010 Mentor Graphics Corp. Company Confidential E-
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VST — Vehicle Systems Tester

plcano VST

Offline Test on PC

N:IT(:S‘:‘? :w C wrappers
odule(s .
Setup Wizard | Code Generator
TTCN-3
TT(:N-:_i ) template
Test Description” —— | i
——
AUTOSAR | 3 AUTOSARCT AR Model Stress & Fault
BSW Model Execution Verification Injection
BSW Module | i ‘-
Configuration Full TTCN-3
e Graphical . B
" 7 AR ICC/version Compiler/
TestCases. InkegrationExample_Phase00 L ogging
Start @ 2010-01-21 13:22:15.002 support Debugger
End :2010-01-21 13:22:15.064 —
MTC SYSTEM 3 i
90, send Com_Init i
13:221151085) 1 2o ge - senCComInt Lge fo Online test on EVB
13:22:15.063 GuardTimer(0,05000000074505506)
o] receive
1322115069 voneport Systeméu... g;;nsner of Test Cases ;?
13:22:15.071 Comn_Init_Response Fail e
13:22:15.072 {_pass__» Automated Inconclusive o
= 1
13:22115.072 GuardTimer(0.0070) Test report S :
12:22:15.074 send PduR_Init FEO
iecilay mtcAuxPaort systemau, ﬁ il
13:22:15.075 ’—XGuardTimer(D.DSDDDE‘DDD?‘ISDSSDE) y N -
A @ e
13:22115.081 receive o o ) . e
Bt mkcAuxPort |4 systemu, ., — s B ki -
13:22:15.082 [ makch |PduR_Init_Responsd P, " Emor
P
13:22:15.082 coe o
13:22:15.082 GuardTimer{0,0070)
13:22:15.084

54
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One single environment for
Test Development, Execution
and Reporting.

A generic test tool, not limited
to AUTOSAR SW testing

Direct execution of the
AUTOSAR CTS

Test Execution either on Target
or on PC

Based on well known and open
Standard Language (TTCN-3)
for Portability

Automatic code generation of
test object wrappers and
TTCN-3 templates

Automatic report generation

© 2010 Mentor Graphics Corp. Company Confidential
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Development Flow and
Organizational

coverage

"




EE Flow Covarzge /

fac|uirerrent

Process

Requirements Analysis —* BSW Requirements

ommunication Specification
and
— » Change Management
System Architecture «——

SW-Architecture Design

34ND3UYDIY WASAS

SW-

SW-

Architecture Test
/ﬂwtegration Test

X
S =
5 Inteligztrion \ ‘
= HW-Architecture "~ USB 4
=1 L—p - -
o HW Architecture Design Definition and
Q Development
=
® Bridgepo bridgepo

, SW Coding and Dzlezl eiicllicle] <

SW Module Design X _ pRzitel rleindling &\
J Static Analysis Aopliczitlor) /

A 4

e

()
Qb
Y

~
>

D SW- - SW- W- SW-Integration, L, Pre
Module Test | Integration Test Module Test | Module Test Test and Validation re

BSW Implementation
z Configuration




Organization Coverage

,,,,,,,,,,,,,,,,,
7 —{

""V‘E{ Project manager

EDS desiiner

System designe 1—{% ’
Architect Bl

./
\_VSA interaction layer /

Network designer

Component engineer

Test engineer

© 2010 Mentor Graphics Corp. Company Confidential E-
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Mentor Graphics Automotive Network
Design — Short Term Direction

B Establish VSx Tool Chain with initial products VSA, VSA COM FlexRay,
VST, VSI (Now)

B BSW and VSB AR 3.0 (Now)
— FlexRay AR 3.0 Now
— Rest (LIN, CAN, OS, RTE etc.) Q1 2010

B Add manual Network Design LIN, CAN, FlexRay, Ethernet (H1 2010)

B Introduce design automation

— Network Design synthesis (H2 2010)
— Algorithms for LIN and CAN from VNA

B Add support for massive multi-user capabilities with central data-
repository (H2 2010)

© 2010 Mentor Graphics Corp. Company Confidential E
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Summary

B Mentor Graphics Vehicle Systems Design
Suite covers

— Architecture design

— Network Design

— ECU configuration, design and test
— VFB level simulation

— Implementation in ECUs

7 Vsx
" Platform

® Overall goals
— Enable optimisation of the E/E architecture

— Enable (early) virtual verification of the
system

— "Correctness by design”

— Digital Continuity from requirements to
realisation
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