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I Powering innovation that drives human advancement
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I World-class companies leverage our open platform
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I Optimizing Product Development From Component to Maintenance

Unique design of the Ansys product portfolio, platform, and ecosystem for your development processes
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IOur investments align with our 5 pillars of innovation
Driving your greatest innovations and solving your toughest challenges

NUMERICAL
METHODS

Solver methods

Geometry and
meshing

Shape and topology
optimization

Advanced analysis

Multi-physics

Multi-scale

HIGH-PERFORMANCE
COMPUTING

Shared-memory
Message-passing
Fine-grained GPUs

New architectures:
FPGAs & Al Hardware

Quantum computing

ARTIFICIAL INTELLIGENCE
AND MACHINE LEARNING

Solver acceleration

Solver settings

Top-down methods
Bottom-up methods

Reduced order
models

Generative Al
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CLOUD AND
EXPERIENCE

A

Cloud Enabled
Cloud Native

Platform, Collaboration

Open APIs and
developer ecosystem

Common user
experience

DIGITAL
ENGINEERING

MBSE

Requirements &
architecture
connections

Safety, security &
software

Digital twins

Simulation process &
data management

Mission Engineering

Ansys




I The Imperative for Digital Transformation

Modeling &
Simulation (M&S)

e Using M&S to reduce physical prototypes

Digital

: : e Using M&S in a connected, collaborative manner
Engineering (DE)

MODEL HIERARCHY

o

LIZATION

e Transforming an engineering ecosystem from excessive
physical testing, siloed analysis swim lanes, & disconnected
data streams into a connected, model-based, traceable
ecosystem across the life cycle

Digital

Transformation
(DX)

ACCELERATION

Rapid Prototyping
Virtual Validation
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I Shift from Traditional Engineering to Digital Engineering

Current State Future State

* Model-based

* Collaborative

* Agile

* Connected

* Traceable:
* Right Information
* Right Time
* Right Format

* Dev(Sec)Ops

Manufacturing Engineering
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IDigitaI Engineering V-Cycle

Requirements Integration

%

o
Architecture

SysML, Ontolo mantics*)

Concept specification
Configuralon

\

Components

earation

* Cyber-physical systems need ontology & semantics to manage complexity
Candidates for data-&-physics infused Al-ML accelerators

Ansys
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I Requirements ‘ Concept ‘ Preliminary ‘ Detailed Design ‘ Protype ‘ Production ‘ Support ‘ Retirement
& Design Design & Optimization & Test & Launch & Service

System architecture definition, Requirements definition & refinement

Physical Product Development

Electronic Hardware Development

Embedded Software Development

Workstreams

Ansys
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Requirements | Concept | Preliminary | Detailed Design | Protype | Production | Support | Retirement
& Design Design & Optimization & Test & Launch & Service

Systems architecture modeling,

System architecture definition, Requirements definition & refinement integrated with requirements
management

Multi-physics simulation

Physical Product Development i
capabilities

Electronics & semiconductor
simulation capabilities

Electronic Hardware Development

Safe embedded software

Embedded Software Development e
development capabilities

: : : Sophisticated system safety,
Compliance, Safety, Cybersecurity & Quality reliability & security
analysis capabilities

Vendors provide world-class products for each individual workstream today

Ansys
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Y@ @ @ @

Requirements ‘ Concept ‘ Preliminary ‘ Detailed Design ‘ Protype ‘ Production ‘ Support ‘ Retirement
& Optimization & Test Launch & Service

I I

I I I I

Workstreams

CURRENT STATE: wManual &
Integration (1): Integration (2): Integration (4): Integration (6):

safety and quality trade studies on Integ\r/ilon: (3): HW/SW Integration (5): system painful inteqration of the architectu raI,
support during distribution of integration, detailed design requirements physical, hardwa re, softwa re &

ideation and functions into
functional Physical, HW and validati analysis and sign- system level Production compliance Workstreams MUST occur
architecture SW idation off Signoff
frequently & repeatedly throughout

the engineering lifecycle.

I\ns'ys

requirements detailed safety optimization at I 2l SrE

refinement and
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Preliminary
Design

Concept
& Design

I{equirements

Detailed Design
& Optimization

Support Retirement

& Service

Production
& Launch

Protype
& Test

I

Workstreams

Integration (3):
system
requirements

refinement and
validation

__\/
Integration (2):
trade studies on
distribution of
functions into
Physical, HW and

__\/
Integration (1):

safety and quality
support during

Integration (4):
HW/SW
integration,
detailed safety
analysis and sign-

ideation and
functional
architecture SW off

I

System architecture definition, Requitements defirition and ref.nement

| | ' |
Compliar‘cq, Safety, cyPersecurity é‘ Quality \

I I

FUTURE
STATE:
Connect to
the Systems
Architecture
Modeler
through
automated,
integrated
workflows.

| 1 | | |
l y | g
I I FUTURE STATE: System
architectural models become the
Authoritative Source of Truth +

ensure integration tasks are
automated, efficient & consistent.

Integration (6):
system
requirements
V&YV and Start of
Production
Signoff

Integration (5):

detailed design

optimization at
system level

Ansys
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IDigitaI Engineering Vision

Support our customers’ digital
engineering transition for cyber-physical
systems with an integrated suite of tools

that connect the parallel engineering
workstreams for systems architecture &
requirements; safety & cyber-security;
physical engineering, software &
controls, across the product lifecycle.

DIGITAL
CHASSIS

HARDWARE
PLATFORM

Renault Group & Software Defined Vehicle technology
https://youtu.be/cWnsCMtX9f8?si=2eqhuiCOd6rMbISK

Ansys

13 ©2023 ANSYS, Inc. / Confidential



I Customer Value of Digital Engineering

integrate sensing, computation, control and networking into physical objects and infrastructure
Aircraft and trains today — and even modern cars

Customer value illustration of semi-automated integration:

productivity (reduce integration & testing time) + shift left

. Integration time reduced:

6 weeks to 2 days

Volkswagen electric
powered steering

Synchronize the ‘ —
component ——
+ system=simulation o ez
+ requirement
management

Testing time reduced:
16 weeks to 4 weeks

Enterprise Req. M

e I e A A i System retains full ASIL-D certification

(*) Source: Dr. Frank Schéttler: ,,Using SCADE in High Availability Steering Systems”, DSC Shanghai, November 2020 I\n sys
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I Requirements, Architecture and Analysis in Iterations

————

Stakeholder
Models serve as Requirement

input for design

System
Requirement
Perform Analyses
. Simulate/Validate
Standardized system /

modeling being applied Perform Analyses

Simulate/Validate
Tools to support the ‘!:
methodology @'
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it is about iterative refinement
of requirements and architecture

applied during all product
life cycle phases

Systematic, objective
analyses supports refinement

Ansys



I Digital Engineering Capabilities / Supporting MBSE

Provide Ansys

for System

System Architectural Models Model
Analysis

Engineering
Analysis, Simulation &
verification workflows Interface to

to System Architectural Erfrl‘gleesrigng
Models 4

Provide detailed

capabilities

Integration with Requirements
AAnsys Management Systems

P Digital Mission Interface with System Architecture

Requirement Engineering Modeling Tools

Support
System

Architecture Structure, Behavior,
Perform Analyses .
Simulate/Validate Requirements

Architecture

Model Based Design &
Perform Analyses £ cati £Saf
Simulate/Validate Verification of Safety

Physical Software
Design

into
product design
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IDigitaI Engineering Capabilities
Shared System Information Base

2.

collaboration across enterprise

secure storage and sharing - o u|L

history, baselines, impact = SEN ‘
analysis "

. ags ‘
R T ASLE
a ala l (] - =

bi-directional interfaces e
between descriptive system architecture models and engineering analysis

<
®
(o s
=3
o
o
o
o
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Digital Engineering Capabilities / Supporting MBSE

* support ,
the new systems
engineering
language created
from scratch

with
Requirements
Management

* ability to
from SysML vl
products

Launch the System Architecture Modeler web-editor




Digital Engineering / Federation, Collaboration and Ease-of-use (2.

server-based
solution
and = =
ease-of-use are of :

upmost
iImportance

e Ease-of-use
includes
to
modeling
capabilities

Y ANnsys




Digital Engineering Capabilities / Focus on Engineering Workflows( 3.

regarding safety and
cybersecurity
maturity

into requirements in
the system
architecture model




Design of Software Defined Svstems (Continuous V & V)
MiL
To Be * Logic verification

* Incremental synchronization with the
: | evolving plant models

1 Safe & Secured CI/CD enabled, collaborative

SiL
W Model %ﬁ?ﬁﬂ& Verify S\gliréf»é * Latency, interrupt and prioritization
Interrupts Capacity Logistics e Consistent plant model
PiL

» Compilation on target processor (eHW)

With Plant model and model-based software, complete virtualization maturity path

HiL
+ Clock speed, banduwidth, latency
synchronization
MDAO * Real time
- .,

* Consistent plant models

PiL = vPiL & HiL = vHiL
i * Parallelization (emulated targe ECU, co-
sim, distributed sim with Plant model)

Fast, Accurate, Physics based, Hierarchical ROM (Reduced Order Models)

| * ECU virtuaiization or next gen supply cnain integration * Scenario analyses at scale
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Ansys 2024 R1 — Digital Engineering

* Web-based System
Architecture Modeler
supporting SysML v2

* Digital Safety Collaboration
Platform + DSM App

* Accessing and collaborating

* Center of gravity to support on safety projects

the MBSE methodology

* Plan, execute and control
safety activities

* Works with Scade One,
medini, ModelCenter, more
to come

* Addressing safety managers

e All new Scade One for model-
based development of
embedded software

* ModelCenter bridges
between system
architecture model and
engineering simulation * Modern UI/UX, support of
Cl/CD workflows, textual and

7 SRS eI E NS graphical modeling language

verification and trade
studies * Certified code generation that
meet highest safety

requirements

* Integrated with the SAM
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https://www.ansys.com/products/digital-twin

Summary

N\

/
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