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The World is Changing

Smart Products require Multi-Discipline Collaboration
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Smart Clothes ) Smart Shopping ) Smart Phones
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Embedded Systems

— Growing Quantity & Complexity

Space Shuttle / Aircraft

Luxury Vehicle

Space Shuttle (1982)
e 5CPUs on Board

o 700 Kb of Software
e 0.5Mil. LOC

Boeing 777 (1995)
» Approximately 3 Million LOC

2015 Model Year Luxury Automobiles
* 50-120 CPUs
2GB of Software
100 Million LOC
5,000 Software Parameters
30,000 Functional Requirements
600,000 Pages of E/E Specifications

Improved Embedded Software & Electronic Systems development capabilities are
needed to simplify the delivery of high quality and robust embedded systems

p’S oSN ES | The 3DEXPERIENCE® Company




3DS.COM © Dassault Systemes | Confidential Information | 3/16/2016 | ref.: 3DS_Document_2014

Notion of complexity: examples

)

Vehicle Project : )
1500 m.y
1 Billion of Euros
3 years of development
30 to 50 different disciplines J
4 Aircraft Project :
10000 m.y
10 Billions of Euros
5 years of development
\_ 30 a 50 different disciplines on different countries
“ Aerospace Project : . =
6 Billions of Euros
10 years of development
S 90 different disciplines on different countries
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Challenges

» Function Innovations

> HMI, Internet applications, Active
ADAS (including Driverless)

> Inboard, Offboard communications
> Energy efficient management

> Safety

> Updates Over the Air

» Process Challenges

Decoupled Architectures Requirements / Functions / HW to provide
flexibility

 Platform approach
» Diversity Coverage

» Technology Challenges
» Big Data, Multi-Core, Multi-OS
» Bus technologies
» New Screens, Telematics multi technologies

 Integration Challenges

 Vehicle Functional Specification seamless integration
o SW Design
 Electrical Harness

2,
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Best in Class Industry Initiatives

2 Transformation Paradigms supporting the
transformation

Fonctionnal Architecture Design driving the
development

Modularity for SW & HW to control and protect IP

Key Process initiatives

Drive Systematic Re-use: platform approach

Frontloading of already validated Architecture
Modules at Functional level

Single Source of truth integrating Functional/SW/HW
Architects and suppliers for speed and quality of
development

» Business Benefits
> Flexible HW upgrades
> SW shared across product lines
> Online SW upgrade on used cars
> Costs down (Re-use)
> Quality (Re-use)
> Timecycle (Re-use)
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Integration is the key

“Engineering has taken us to a stage where we are beginning to rationalize and
reintegrate things that we have spent many decades separating and ‘optimizing.’
Now, the potential of science can enable us to take the next step in this journey.”

POWER LEVEL INCREASE WITH TIME

; : . Aircratt Main - SPECIFIC EXAMPLES
Lester Faleiro, Liebherr-Aerospace Lindenberg GmbH — sewser
Project Manager, Power Optimized Aircraft - =,
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Collaboration between disciplines

Disciplines Models

Operational Needs

o8
Q

N

efdependence
between

Services/Disciplines/
Sub-Systems

=

Architecture :
Inter-disciplines trade-offs Models

Needs to
suppliers

Sub-Systems

mhermal Battery Electrical Engine
Engine
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Systems Engineering

Test Compliance Matrix

Requirements
Management

\

. "
-~ | Functional
~ Analysis

Systems
Engineering
Global System

Architecture design

== Integration

Requirements
Management I
\ Functional Fluidic
Analysis -
‘ Logical Electrical I
N\ Electronic !l
Software I
Mechanical I

Mechatronics
Engineering Disciplines
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3DI§XF_>ERIENCE Platform to Master Product Definition

|

Elicitation Process

(Final Custome

\

System of System

Document_2014

System Architecture (RFL Embedded
Apps) Architecture

Definition T
Process e |
= 1=

Collaboration

System
(Product Architect)
A

Governance
Process
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3DEXPERIENCE Platform to Master Product Definition - Values
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System of Systems

System
(Product Architect)

Sub- System

(Final Customer)

(Suppliers)

|

A

A

\

Elicitation Process

Definition
Process

Governance 1
Process !
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Digital Continuity between Disciplines

Definition Consistency, Interfaces masterlng & Productivity

Review, Traceability, Simulation & Report Generation

Change, Configuration & Variants on a single source of truth

Governance, Lifecycle Management

A1

Source: DS

Global Collaboration
Openness, Adaptability & Productivity

Sub- System 2 Sub- System 3

Operatienal Analysis Model —t i

System Functional and
Non-Functional Need Model

Source: JPL
¥
i
i
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Source: Thale
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System Engineering in PLM
 Aunified system definition in the context of life cycle management

e Model Based Systems Engineering (MBSE)

System reasoning adaptable to customer process e Q'Z‘_‘;C'_frfba,
from different point of views: Operational, Functional,
Components

 Multi-disciplines integration

Digital Continuum across disciplines (From Systems Py
Engineering to Electrical, Fluidic , Mechanical) £%

e Openness

. ‘o (2
Management of heterogeneous models in J)(@\\?t )
. . . . . . L5 o R W
configuration, in a single environment, in the context < It S

of a Product Structure
7 DASSAULT -
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R-F-L-P Framework New paradigms, new technologies

Functional Logical Physical
__Architecture Architecture | Model

Requirements

Description Functions & Services Systems Architecture Implementation
What it should satisfy What it should do How it will be achieved How it will be realized

Single Platform

3DS.COMO™

Requirements Functions Logical Physical
CIN decomposition __decomposition - - decomposition
g . o “E
% ﬂGenerate internal Po ) . = Ra:d%r Antenna 2
I: g I_E%TI}_ Provide Containment .T\ﬁgaqa} Antenna 1
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Vehicle E/E Architecture Process

IZation
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Embedded Electronics Bottle Neck

/ THINK ACT

CONSOLIDATION IN VEHICLE ELECTRONIC ARCHITECTURES

ECU Patchwork

(]
AUTOMOTIVE TRENDS

IMPACT ON ECU PROLIFERATION AND INCREASED COMPLEXITY

Architecture

Low Quality !

! } i A i : i ] 10 2
'SS ECUS, PROCESSING  MORE ECUS, PROCESSING = = - = = - - J _»‘ ¥ 2
POWER REQUIRED, AND POWER REQUIRED, AND ] e ot — 1;; f : 3
E/E ARCHITECTURE E/E ARCHITECTURE £ = N z [ 5
COMPLEXITY COMPLEXT X N -
= ) i I EE ' \ | b ; ]
. = S 0.5 : .
HOL D BEBGER STRATERY CONSIA) 5 - ML /‘
/ ey
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Vehicle E/E Architecture | Complexity

= E/E Architecture & its development process to be rethought :
» Manage COMPLEXITY of new features
» RE-USE components, handle VARIANTS

e OPTIMIZE numbers of ECUs, electrical components and wires.

= EJE platform, an answer:

 Unique architecture addressing all the variants, one or several vehicle
projects.
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» Few E/E platforms by OEM (up to 5 at a given time)
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Generic / Project Approach
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Customer & Regulatory Feature List Functional Architectures
(generic) (generic)

2,
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Generic / Project Approach

HW architecture generation #1

nt_2014

Generic EE platiorm #1

HW architecture generation #N
00 0

Functional architectures (generic) — Generic EE platforms

.
.
.
.
.
s
.t
----
us
sut®
aun®
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Generic / Project Approach

Document_2014
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Project:

Generic EE platforms
Vehicle EE architecture

2
DSSD.?SSEE%’ELST | The 3DEXPERIENCE’ Company

21



Generic / Project Approach

ECU specifications (functions/SW, requirements, I/F)

 _

m) Applicative communication matrix

) BOM E/E (link with Mechanical design)
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o

E/E architecture Interfaces list (input to electrical)
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E/E architecture disciplines vs EEA features

-

=) Applicative communication matrix

= BOM E/E (link with Mechanical deslgn) w
L ]
EfE architecture Interfaces list (input to electrical) [
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Customer & Functional Architectures Generic EE platforms . Project:
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E/E platform architecture | Involved activities

Porfolio & Configuration = Change Management Project & Dashboard 1S026262 Work-products

IP capitalization & reuse  Customer Functions

Projoct Bashboard s — e -_._.!._ =
il A eo— s — W | i = o= : H
8 2205
|
Requirement l Simulation & Test
I e s [ I
I i

= Software Architecture Hardware Architecture Communications Dyn%mic Behavior Modeling
| = | - .
B SEEE: e ﬂ
= ST R
. &E Architecture I
= [N IS EEE———————— - - - - J
SW Components Design Electrical Sy S Mechanical Design
AutosarBuilder =
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EE & PLM Openess required

 Dassault Systemes Commitment to Codex of PLM Openness (CPO

EI™ Dassault Systémes Supports Industry Commitment to Codex of PLM
%% Openness “Critical to Collaboration and Innovation”

Dassault Systémes Signs CPO and Continues Role as a Core Member of Codex
Effort

STUTTGART, Germany and VELIZY-VILLACOUBLAY, France - May 2nd, 2012 - Dassault Systémes (Euronext Paris: #13065, DSY.PR) 3 world eader n 30
design, 30 Digital Mock Up and Product Lifecycle (PLH) solutions, its ongoing PLM openness by
ContinGing t0 SuppOrt e next phases of (e Codex of PLM Openness (CPO), an Iitstive driven by sutomative OEMS, Suppiters and e raSTEP iP
association.

In 2011, when industry standards sssocistion ProSTEP iVIP and severs| German autometive OENs began developing the ides of sn initiative dsdicated o dsfining and
carassing prablems and standars for praduct dats mansgament Snd virtual prouct FEstion, Dasaul SystEmes [oined tham in an Sarly phase o SEPST he cestion of the
e of PLU Openness.

“We are very pleased that Dssssult Systémes supports the idea of the CPO snd actively paricipsted in its crestion. Dassault Systémes was one. of the msjor cantibutors and
1230 the workgroup Sefining the glossary definiion’, says Dr. Steven Vettermann, General Manager of FIGSTER IViF e V.

For 20 e hes ariven LM an pen, unified callsborative sxperienc for our customers” s2id Daminiaue Flarass,
Sanicr Exeafive Vice Pesident, Producs, Resesrch an Development. Dassaull Systames. ‘Openness i aiica i collaborafion and. hus. innovaien. DassaultSystémes is
wery much in favor of the CPO and sively supporis his sffort

Long 8 proponnt of apsnines Dasault st s rleced s VO 2D Exparence lstio 1 takeul cvantage of s 20 yees of resarch and cvelopment n
s = Ve plationm s with 2 varisty of

e T S B A UTomnn g 1 s span wsepareeiy senseen VS se s vmve FOVL CAD ans ervpae st o meveanes o sty
svallsble A1 the V0 plaiform has been developes fiom ifs inoeption (o support openness.

n sffort ot extensibilit, on Codexs primary focal paints, Dassault Systémes crested in the 1580's an open, comprehens
pplicstion Architecture. resounding sucoess resulting in hundreds of third party applictions for s VS platform, th

nhanced when Desseult Systames relessed its Spen VS CAAZ gregiam and mase ihousanss of AFIS aveileble is iis pariner sammunity.

development envirenment slled
concept of extensibility was

Gur suppart ofinteroperabilty stendards betneen V6 and cther CAD, PDM, and snterprise sysiems has been @ key focus over the past ysara” continued Florack, “Tm glad to
see that the Codex of PLM Openness is defining what ‘open' is,since the term has long been thicwn sbout with litte behind it The iesponsible clsims of openness and
scousstions of non-openness have engendered unnecesssry fesr, uncertainty, 3nd Goubl In the Indusiry and have sdversely distiscted many customers of LM solutions.

With the signsture of this CPO, Dsssault Systémes has cfficislly signsled to the market is willingness to continue supporting openness throughout s valued solutions.

2ownionD press
RELEAS

Virginie Blingenberg
33 (0) 181 628421
vieginie.blindenberg@3ds.com

North Ameri

Openness based on standards: data exchange, interoperability & long term

archiving
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E/E PLM platform architecture | Value proposal

= Unify E/E data through the collaborative workflow role
based access right

= Mastering cost through re-use of E/E platform and
variants management

= Predict E/E costs and performances for early stage
trade-offs

= Generate high quality spec for suppliers
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E/E platform architecture

Define technical requirements from customer
features —_—

Logic

Design and re-use architectures

(functional/software/hardware, communication matrix) ectics
Partition functions and software into hardware e i e s
architecture —— specitcations t i
~ " - 7
Software )
Create E/E vehicle architectures from E/E platforms Ty

with variant management

Generate design and specification documents

Support trade-off thanks to analysis capabilities

2,
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