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A Glimpse of the Future!

@ GTC 2024 announcement: Project GROOT

Key Takeaways

@ Important learnings from the presentation

* Every product and service provided and consumed by industrial
companies will have a form of embedded Al

* Human creativity, augmented with limitless ability to realize ideas
(aided by Al) will lead to new products, services, and business models
* Process and data management platforms are the key enablers

* The regulatory and legal framework lags the development curve
* Need to be careful about use of open and proprietary data

* Investment in education (of internal staff and customers) needed
* Focus on ethical and moral considerations at the outset
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Topics to be Discussed

* Introduction

* Generative Al

Use Cases

* Business Opportunity
 Concluding Remarks

Copyright © 2024
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Analytics & Al/ML: Historical Perspective

1940s-70s 1970s-1990s 1990s-2010s

Turing Test: Machine's ability to Development of ML, NLP spread Statistical Methods (1990s-
exhibit intelligent/human-like and “the backpropagation present): Statistical approaches,
behavior algorithm?, (fruit of three decades including Bayesian networks and
Neural Networks (1940s-1960s): of key discoveries) support vector machines, gained

ANNSs inspired by biological Emergence of subfields: gl i

neural networks, (Warren Computer vision, robotics, and 1997: Deep Blue, an IBM chess
McCulloch and Walter Pitts) expanding the scope of Al computer, defeated the reigning
The Perceptron (Frank Rosenblatt research and applications world chess champion, Garry

in the late 1950s), earliest forms Internet and big data (1990s): Kasparov, in a six-game match
of a neural network capable of Vast amount of data for training IBM Watson: Developed to
learning and testing algorithms, leading to answer questions on Jeopardy!
_ . advancements in ML and in 2011, won against
Expert systems (1970s-1980s): champions Brad Rutter and Ken

Mimic the decision-making ability Jennings!

of human experts in specific
domains

CIMdata 2019 Forum theme: "Augmented Intelligence”

Copyright © 2024
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Augmented Intelligence at 2019 Forum

“Augmented Intelligence: Applications Across the Product Lifecycle”

* Event for PLM software and services providers; some
financial attendees

* Theme should be clear from today’s presentation

* Sessions in Ann Arbor MI (4 April 2019), Frankfurt (11
April), Pune (15 April), Beijing (19 April), Tokyo (24

Augmented Intelligence

CIMdata’s view on role of Al in PLM (from the
2079 PMIF)

» Augmented Intelligence or
intelligence augmentation (IA) is not
about replacing human intelligence but
rather about amplifying or augmenting
it by enabling humans to make use of
the large volume of data we're
generating by combining human and
machine intelligence

Graphics from DALL-E

“Over the next decade, Al won't replace managers, but managers who use Al will
replace those who don't” Erik Brynjolfsson and Andrew McAfee, HBR (2017)

Copyright © 202
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Generative Al

Neuromorphic Computing
rompt Engineering

Smart Robots
Synthetic Data Responsible Al
ModelOps. Neuromorphic Computing
Prompt Engineering

Generative Al

Artifiial General Intelligence
Decision Intlligence
AlTRiSM
Operational Al Systems )
peret - Foundation
Models

Composite Al

Data-Centric Al |Artificial General Intelligence Synthetic Data

) EdgeAl Computer

Vision Decision Intelligence
/ Al TRISM
S Data Labeling

and Annotation  Pperational Al Systems

Al Engineering

Expectations

Al Simulation

Causal Al

ModelOps

Cloud Al
Services

Neuro-Symbolic Al Knowledge Graphs

Multiagent Systems

Intelligent Applications Composite Al

First-Principles Al
Automatic Systems

Autonomous Vehicles
Al Maker and Teaching Kits

Peak of
Innovation Inflated Trough of Slope of Plateau of
Trigger i Disillusis it i yment Pr v
Time
Plateau will be reached:
O less than 2 years. @ 2to5years @ 5to10years A more than 10 years ® obsolete before plateau As of July 2023

gartner.com

I e . Gartner.

Source: https://www.gartner.com/en/articles/what-s-new-in-artificial-intelligence-from-the-2023-gartner-hype-cycle August 17, 2023

The Buzz Around Generative Al

[B  [LUNVERSALIIND G ' . —
. Al Effect: We'll Get Way Wealthier . ey s Dk
and Witnes: oductivity Boom

M e 2. it

Stan Przybylinski 2
TECH  HelpDesk Artificial Intelligence  Internet Culture ~ Space  Tech Policy

Here’s how Al experts think ChatGPT
might help the military

OpenAl, Amazon and other companies touted their Al systems for military and intelligence use at a Pentagon-
organized gathering this week.

. é;;gle's AlphaGo Al Beat a
World Champion at Go, and
That's a Huge Deal

It may have only won a game, but this is a sign of truly amazing

‘l am not
here to take
your job’

advances in artificial intelligence.

BY AY BEMETT PUBLISHED: WAR 9, 2016

[ sAve ARTICLE

48 Google DeepMind
(s e
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The Buzz Around Generative Al

New York Times sues OpenAlI, Microsoft

The Da||y Ma|| IS DALL'EIS al‘t borrowed or over uge of its storieg to train chatbhots

A PP stolen?
.l. COULD WIPE Creative Als can't be creative without our art.
0U NITY o= :

Threat ‘as bad as nuclear war’ MUST be tackled, say

tech bosses

The Buzz Around Generative Al

Chat-GPT sprints to 100 million users

months

The time it took

for selected online
services to reach
100 million users

2008 1999 2008 2006 2004 2008 2009 2010 2016 2022

Source: World of Statistics Copyright © 2
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Generative Al to ChatGPT

What Is Generative Al?

Al techniques that learn from data about

o Generative Al existing artifacts and use this to generate

new artifacts.

H Large machine learning models that are
o Foundatlon trained on a broad set of unlabeled data and
Models are fine-tuned to a wide range of applications.

Large Language Al that is trained on vast amounts of text

to interpret and generate human-like

Models (LLM) textual output.

An OpenAl service that incorporates

° chatG PT a conversational chatbot with LLM to

create content.

ot e Gartner.

Generative Al

Images generated by DALL-E along with an
Al-created definition of Generative Al

Prompt: Create an image to explain how
generative Al works

Prompt: Can you explain both the images
and the thought process behind it?

Answer: Actual answer was much more
detailed.

“The thought process behind these images
was to demystify the concept of generative
Al by visually articulating its core functions:
learning from data, processing that data
through complex algorithms, and
producing new, original content across
various mediums. The aim is to make the

abstract and often complex nature of Al
technologies more accessible and
understandable to a general audience.”

Graphics from DALL-E Copyrigh
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Explainable Al

Why Generative Al produces a certain

response

What is explainable Al

» The practice of designing Al
systems that provide
understandable explanations
for their decisions and
actions.

It aims to make Al models

transparent and interpretable

to humans.

Importance

Building trust: Insight into
their decision-making
process.

Ensuring accountability: To
understand and potentially
challenge the decisions.
Detecting and mitigating bias:
Factors influencing decisions.
User understanding:
Comprehend Al decisions,
fostering collaboration
between humans and
machines.

Achieving explain-ability

Model transparency: Easier
to understand, such as using
simpler algorithms or explicit
rules.

Post-hoc explanation
Techniques: Analyzing model
outputs to generate
explanations

Interpretable models:
Building Al models that are
inherently interpretable, like
decision trees or linear
regression models.

Responsible Al

@ Understanding the consequences of using Al

What is responsible Al?

» Responsible Al refers to the ethical and accountable development, deployment, and use of artificial

intelligence (Al) systems.

+ It encompasses principles, practices, and guidelines aimed at ensuring fairness, transparency,

trustworthiness, and societal benefit in Al technologies.

Key aspects of responsible Al

Ethical considerations: In Al design, development, and deployment. Accountability and governance:
oversight, monitoring, and review processes.

Privacy and data protection: Safeguarding personal data and ensuring compliance with privacy laws.
Safety and robustness: Minimize risks and prevent harm.

Societal impact and public engagement: Dialogue with public, policymakers, and civil society.

This presentation is copyright © 2024 Clip art may be copyrighted. No use, reproduction or
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Cl

Al/ML Opportunities Across The Lifecycle

Conceptual
Portfolio Design Product

? N |
=188 :
a1 Pl i i
Management w‘ anning Engineering

Manufacturing
Engineering

Simulation &
Validation

Disposal &
Recycling

Build &
Produce

Test &

Sales & Quality

jf In-service  p, o ibution

& . Operation

Cl

Common Uses of Artificial Intelligence (Al)

How Artificial Intelligence will transform
businesses (2023)

» Some of the most standard uses of Al today are:

* Machine learning—used often in systems that capture vast amounts of data

» Cybersecurity—Al systems can recognize a cyberattack, as well as other
cyberthreats, by monitoring patterns from data input

* Customer relationship management—Al is being used to self-update, auto-
correct the system to stay on top of relationship management

* Internet & data research—Al is being used to identify patterns in people’s
search behaviors and provide them with more relevant information

* Digital personal assistants—Al bots can be used as personal assistants to

help manage your emails, maintain your calendar, and even provide
recommendations for streamlining processes

Source: https://www.businessnewsdaily.com/9402-artificial-intelligence-business-trends.html
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Al in MBSE

Use cases in aircraft design: Presented by
AIRBUS expert in INCOSE community

webinar (1 of 2)

- Opportunity: ChatGPT & SysML v2

What is ChatGPT ?

Conversational Generative Pre-training Transformer : is a state-of-the-art(fanguage generation model

developed by OpenAl

Key features: "Uses unsupervised learning, pre-trained on a massive dataset of conversational data,
capable of generating human-like responses to a wide range of prompts."

S <> 2
-
What is SysML v2 ?
System(Modeling Language )<+ -+ -+ ===+ ** "
2 New version to improve the precision, expressiveness and usability of SysML v1
v
L |nnovation :|Textual Language, |Usage-focused modeling approach, Variability, View Points & View, AP|
AIRBUS

Use-case :
Aircraft Systems Architecture Definition

Aircraft System Simplified view of

atel SysML v2 Aircraft model

Aircraft Library .~

|
Component Library ||

taisection
TAILSECTI

cockpitcOCKPIT | N, ey i

Source: Exploration of Al in MBSE - Use cases in aircraft design: INCOSE webinar by Fabien Buffaron, AIRBUS MBSE Expert June 15, 2023

Al in MBSE

Use cases in aircraft design: Presented by
AIRBUS expert in INCOSE community
webinar (2 of 2)

. Use Case : Aircraft architecture definition
from a template R —

MBSE
o . L LT

u GENERATE
ASK Define an Alrcraft with 4 engines. ANSWER

q D
oion
e -
=

rer
with 4 motors - new code

AIRBUS

o

oS <[>

6] | Create data model automatically

(71 |Prioriize and weight requirements

51 |Reuse mode requirements (261 [Proposal for estprocedures
Overview of existing and txtualrequirements (271 [Dighizaton assisance
nerate test scenarios (28] [Detect detction

possible application areas

for Al-based in i decision basis 29)
MBS! 12] on change requests 0]
E 53
(st defined by the Fraunhoer Instite for 14 4] 7l
Mechatronle E (35] |Requirements generation

61 3]
(7] Structure model requirements [57] [Traceabilty analysis based on documents

& 1-mbse 8]

AIRBUS

Source: Exploration of Al in MBSE - Use cases in aircraft design: INCOSE webinar by Fabien Buffaron, AIRBUS MBSE Expert June 15, 2023
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Al Using Historical CAE Data

Airbag share prediction based on past CAE
data

ML based Shape Prediction for Automobile Airbag
= |

Objective
* Reduce the CAE licensing and computational costs

* Reduce the overall airbag design cycle

«  Establish unified design process accepted by application engineers
across different geographies

Solution

+ Designed the image based input format for the flat airbag

* 250+ FEM datasets analyzed & ML based volume prediction

Key Highlights » Data based 2D shape prediction with image based geometrical

+ ML based prediction 3D shape on inflation shape correction using corners treatment

* ML based chamber wise maximum displacement prediction

* Physics guided prediction of chamber wise maximum displacement
location

* 3D point cloud generation using normalization techniques

« Additional post prediction data correction & smoothening for better
accuracy

«  App for application engineers for comparing
various designs quickly without using CAE
resources

+ 8 hours saved per design in computational and
manual efforts

« Overall 15% reduction in design cycle time

Source: Intelimek Systems Case Study for a confidential airbag supplier Copyright

Al in Pharmaceutical Trials

Animal testing of new drugs with computer
vision

Computer Vision Applications in Pharma

Laboratory rat tracking and analysis
Top view camera captures the rat behavior 24 * 7. The analytics engine detects the ears, mouth and tail positions. This data
can be further used for extracting information about the behavior

wilbase

rgntear

¥ position n pixels

leftear

Detection of ears, mouth and tail from camera feed The movement is tracked

Source: Intelimek Systems Case Study for a confidential pharma customer Copyric
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Simulation & Al/ML Adoption Trends

NAFEMS and McKinsey “Future of simulation”
survey (Apr 2023) (1 of 4)

rI'he business case for simulation is shifting, with faster time-to-market and reduced
product cost as key future value drivers.

Past value drivers of applying
simulation techniques, % Future value drivers, %

Improved product Faster time-

performance to-market 7
Reduction of 73 70
product cost

Reduction of Improved produ 79
engineering cost performance

Faster time- Reduction of 70
to-market engineering cost

Zero protoyping 67 Zero protoyping 65

3 Unveiling the next frontier of engineering simulation: Digital engineering in an Al world. Collaborative effort by McKinsey and NAFEMS. Its authors include Alessandro Faure Ragani, Paul Copyright
Stein, Roger Keene, and lan Symington.

Simulation & Al/ML Adoption Trends

NAFEMS and McKinsey “Future of simulation”
survey (Apr 2023) (2 of 4)

Classic simulation use is significantly ahead of AI- and ML-based simulation use.

Companies’ uses of classical vs Al/ML sil i hni by technol maturity level,
% of companies

13 None
M Mostly proof of concepts or pilots

a4 M Use of highly mature virtual
engineering technologies at scale

10x 2/3

more companies use classic organizations already use
simulation compared to Al/ML- 51 Al/ML for simulations at least
based simulation at a high in pilot projects

maturity level

Classical simulation  Al-/ML-based simulation
techniques (eg, MBS,  techniques (eg, neural
FEA, CFD) network, deep learning)

Unveiling the next frontier of engineering simulation: Digital engineering in an Al world. Collaborative effort by McKinsey and NAFEMS. Its authors include Alessandro Faure Ragani, Paul Copyrigh
Stein, Roger Keene, and lan Symington.
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Simulation & Al/ML Adoption Trends

NAFEMS and McKinsey “Future of simulation”
survey (Apr 2023) (3 of 4)

Automotive pulls away as the leading industry to put Al and ML to use.

Al/ML usage by industry, % . )
Simulation users
within automotive are

1.6x

more likely to use Al/ML-
based simulations
compared to machinery

Automotive Aerospace Basic Medical Machinery and
(n=42) and defense materials devices fabricated metals
(n=16) (n=27) (n=19) (n=18)

Unveiling the next frontier of engineering simulation: Digital engineering in an Al world. Collaborative effort by McKinsey and NAFEMS. Its authors include Alessandro Faure Ragani, Paul

Copyright
Stein, Roger Keene, and lan Symington.

Simulation & Al/ML Adoption Trends

NAFEMS and McKinsey “Future of simulation”
survey (Apr 2023) (4 of 4)

Confidence in the capabilities of Al and ML is driving adoption.

“Accuracy of results” as a criterion for tool selection, % of survey results

_ M Al/ML-based simulation
operationalized
Il No or very limited usage of

Al/ML-based simulation

o1
80
Accuracy of results is Accuracy of results is not
a criterion for tool selection a criterion for tool selection
(n="70) (n=30)

Unveiling the next frontier of engineering simulation: Digital engineering in an Al world. Collaborative effort by McKinsey and NAFEMS. Its authors include Alessandro Faure Ragani, Paul Copyrigh
Stein, Roger Keene, and lan Symington.
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Generative Al in Product Development

Design R&D, creativity and productivity

How product R&D

could be transformed

Generative Al ushers in a new era of creativity and productivity across the
product design life cycle.

C N

Early research analysis

ideation, and preduct or sclution drafting.

7 \

Virtual design

Researchers use generative Al to generate

Market and user
Can reveal untapped market
opportunities and overlooked
consumer needs and
expectations

Enables teams to gather,
synthesize, and make sense

Concept

Ability to generate novel,
lifelike images sparks bolder
exploration and potentially
first-ot-their-kind ideas

Concept refinement
Enables industrial designers
to refine product style and
map future concepts in hours
instead of weeks

Frees industrial designers of
time-consuming tasks when

Concept testing

Brings new concepts to life
for business leaders and
consumers for more
meaningful discussions

prompi-based drafts and designs, allowing them
toiterate quickly with more design options.

Virtual simulations

Researchers accelerate and optimize the
virtual simulation phaseif combinedwith new

of market and consumer preparing concept images, “ deepleaming generative design techniques.
data faster mood boards, and storyboards V

Physical test planning

Researchers optimize test cases for more
Sources: efficient testing, reducing the time required

+ The economic potential of generative Al: The next productivity, Michael Chui, et al , McKinsey for physical build and testing.

and Company, June 2023 .Design but no magic wand Article March 5, 2024. Article

Potential Impact of Generative Al

Functional and industry wise trends

Using generative Al in just a few functions could drive most of the technology’s Generative Al use cases will have different impacts on business functions
impact across potential corporate use cases. across industries.
. @ Represent ~75% of total annual impx Generative Al productivity s,
T ) impact by business functions’ o s, ‘iy_o s %,
oftware engineering
o Marketing mmsans %% Y 7, %% °/%
oftware engineering Low impact M ich im O T TR IO
w00l (for poduct devalopmen) ® o T Vi, oy %y e KO
Customer operations NN /% RN %% %,
N I N R AN NN
Total, % of A -
@ Product RD" industry
o revenue
Advanced electronics
and semiconductors 13-23
Impact, $ billion
@ Supply chain Advanced manufacturing® 14-24
200 4
Manufacturing Ener ro-e
@Finance @ Riskand compiiance Healthcare 18-32
1004 . /Ta\snl and organization (incl HR) High tach 48-93
d 0 O Pt mangort
egal
Sl Y Basic materials 07-12
Strategy
R o Proing . . Chemical 08-13
10 20 30 40
Impact as a percentage of functional spend, % Construction 07-12
Consumer packaged goods 14-23
The economic potential of generative Al: The next productivity, Michael Chui, et al, McKinsey and Company, June 2023 . Copyrigt
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Analytics & Al/ML

@ Impact on business value

@ Reduction in time spent in routine and mundane tasks

Evaluation of multitude of options early in the design cycle,
leading to reduction in costly mistakes

Higher predictability of quality of products and services

Significant improvements and productivity gains in internal business operations
Enabling new products and services for customers and continuously improving
overall customer experience

Concluding Remarks

@ Al & PLM: Beyond all the Hype (1 of 2)

* Analytics & Al/ML discussions are dominating boardrooms, as well as
Wall Street—as PLM professionals, we know where it fits
* Every product and service provided & consumed by industrial companies are
likely to have, at some point, a form of embedded Al

» Commercial opportunities that analytics and Al/ML will unlock will be
significant—they will be transformative and not just incremental

* Human creativity will be augmented with limitless ability to realize the
ideas (with the help of Al)—this will result in new products, services,
and business models

* The best Al is the Al that helps/enables the innovation engine

Tz e This presentation is copyright © 2024 Clip art may be copyrighted. No use, reproduction or
C I M-:- E_::f_:: modification is permitted without prior written permission.
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Concluding Remarks

@ Al & PLM: Beyond all the Hype (2 of 2)

» We need to look to our product innovation platform providers to be
key enablers and implement Al technologies within their solutions

» We need to remember that regulatory & legal frameworks around
these technologies will lag the development curve

* You will need to be mindful and will need to develop long-term
strategies around using and sharing data—data governance is critical

» We will need to upgrade skills, educate the customers, and deal with
ethical & moral considerations associated with Al

Concluding Remarks

@ Intelligence: Indian philosophical perspective

Buddhi (Intellect): Buddhi
is the cognitive faculty that
discerns, analyzes, and
understands. Ability to
differentiate between right
and wrong.

Pragya (Wisdom or
Practical Intelligence):
Discernment, deeper
understanding, and insight,
associated with spiritual
wisdom and the ability to see
the ultimate reality or truth
beyond the surface level of
things

Ahambkara (Ego): Sense of
'I-ness' or ego, crucial for
individual identity but also

responsible for attachment.

Intelligence that helps in
navigating the social world
and asserting oneself

Viveka (Discriminative
Intelligence): Viveka is the
ability to distinguish
between the eternal and
the transient, the real and
the unreal. It's a higher
form of intelligence that
guides spiritual liberation.

Manas (Mind): Seat of

thought and emotions,
Responsible for processing
sensory inputs, desires,
doubts, and inclinations.
Everyday processing of the
external world.

Medha (Retention): Medha
refers to the capacity to

retain and recall information,

an aspect of intelligence
linked to memory and
learning.

Chitta (Consciousness or
Memory): Related to
memory, storage of past
experiences, and
subconscious tendencies.
Inner workings of the mind
and the accumulation of
knowledge over time.

Dhi (Intuitive
Intelligence): Dhi
represents higher
reasoning and intuitive
intelligence, the ability to
grasp profound truths
through intuition rather
than analytical reasoning
alone. o

modification is permitted without prior written permission.
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Questions & Answers

What's on your mind?

To Learn More...

Contact information

 Sandeepak Natu, Co-Director, Simulation-Driven Systems Development
* s.natu@CliMdata.com
* +358 40 3657 115 (Cell)
. +97 98231 42380 (WhatsApp)

 www.CIMdata.com

* Presentations

* https://www.cimdata.com/en/education/educational-webinars/webinar-ai-plm-beyond-all-
the-hype
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Defining What Comes Next in Digital Transformation

Strategic management consulting for
competitive advantage in global markets

Serving clients from offices in North America, Europe, and Asia-Pacific

World Headquarters
Ann Arbor, Michigan USA
Tel:+1.734.668.9922

EMEA Headquarters Asia-Pacific Headquarters
Weert, NL Tokyo, Japan
Tel:+31 (0) 495.533.666 Tel:+81.47.361.5850

www.ClMdata.com
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