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Why should we all care 
about Generative AI?

https://www.linkedin.com/posts/roman-dumitrescu-professor_genai-engineering-generativeai-activity-
7107683455500447745-_N7o 

https://www.linkedin.com/posts/roman-dumitrescu-professor_genai-engineering-generativeai-activity-7107683455500447745-_N7o
https://www.linkedin.com/posts/roman-dumitrescu-professor_genai-engineering-generativeai-activity-7107683455500447745-_N7o
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Data-Driven Innovation and Engineering

Data-Driven Innovation and Engineering | Prof. Dr.-Ing. Roman Dumitrescu

Source: https://www.technologyreview.com/2019/02/15/137023/ai-is-reinventing-the-way-we-invent/ 

2019

https://www.technologyreview.com/2019/02/15/137023/ai-is-reinventing-the-way-we-invent/
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Where does the hype come from?
The tool that made Artificial Intelligence accessible to the general public

Source: statista.com Source: CNN-News18
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Where does the hype come from? 
The tool that made Artificial Intelligence accessible to the general public

Quelle: How Are Consumers Using Generative AI? | Andreessen Horowitz (a16z.com)

ChatGPT macht 60 % des 
monatlichen Traffics der 
gesamten Top-50-Liste aus, mit 
geschätzten 1,6 Milliarden 
monatlichen Besuchen und 200 
Millionen monatlichen Nutzern 
(Stand: Juni 2023). Damit steht 
ChatGPT auf Platz 24 der 
meistbesuchten Webseiten 
weltweit.

https://a16z.com/how-are-consumers-using-generative-ai/


Where does the hype come from?
Unprecedented speed of innovation
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Source: LinkedIn | Maxime Labonne | 2024 AI Report | Stanfort

https://www.linkedin.com/posts/maxime-labonne_closed-source-vs-open-weight-llms-the-activity-7185566965892063232-8VYj?utm_source=share&utm_medium=member_desktop
https://aiindex.stanford.edu/report/
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Where does the hype come from? 
ChatGPT in a children‘s magazine

Article about ChatGPT and 
LLMs in a Kids Magazine

Source: Blue Ocean Entertainment: 5! Das Magazin für coole Jungs! (blue-ocean.de)

https://www.blue-ocean.de/five-5/produkt/detail/5-das-magazin-fuer-coole-jungs
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How does GenAI work?
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Large Language Models (LLMs)
How does chatGPT work?

Source: How to Get Better Outputs from Your Large Language Model | NVIDIA Technical Blog

Der Lehrer fährt

User input output

Auto93%

68%

26%

Fahrrad

Bahn

Calculated probabilities

…

https://developer.nvidia.com/blog/how-to-get-better-outputs-from-your-large-language-model/
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Large Language Models (LLMs)
How does chatGPT work?

Source: How to Get Better Outputs from Your Large Language Model | NVIDIA Technical Blog

Der Schüler fährt

User input output

Fahrrad93%

68%

26%

Bus

Bahn

Calculated probabilities

…

https://developer.nvidia.com/blog/how-to-get-better-outputs-from-your-large-language-model/
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Source: But what is a GPT? Visual Introduction to Transformers | Deep Learning, 3Blue1Brown - YouTube

https://www.youtube.com/watch?v=wjZofJX0v4M


Large Language Models (LLMs)
Technical specifications for gpt3 (2020)
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45 TB 175 Mrd
parameters

Dataset # tokens
Proportion

within 
training

Common 
Crawl 410 billion 60%

WebText2 19 billion 22%

Books 67 billion 15%

Wikipedia 3 billion 3%

99,990 years
when on a laptop

trained with 100 GFLOPs

800 GB
Model size

Vast Amounts 
of Data

run through a
Transformer Model

that is trained 
for a specific Tasks

and becomes a
Large Language Model

Example: Predicting the 
next word

Sources: [2005.14165] Language Models are Few-Shot Learners (arxiv.org) | language_understanding_paper.pdf (openai.com)

 Summarize documents
 Analysing correlations
 Writing code
 ...

https://en.wikipedia.org/wiki/Common_Crawl
https://en.wikipedia.org/wiki/Common_Crawl
https://arxiv.org/abs/2005.14165
https://cdn.openai.com/research-covers/language-unsupervised/language_understanding_paper.pdf


Giving LLMs a knowledge base 
Prompting, Fine-Tune and Retrieval Augmented Generation (RAG)
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Source: Use Retrieval-Augmented Generation To Make Your LLM Smarter (substack.com)

RAG Fine-Tuning + 
RAG

Prompt 
Engineering Fine-Tuning

Ex
te

rn
al

 K
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w
le
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e

Domain Specificity

Lo
w

H
ig

h

Low High

Classic, expensive learning of
additional data (Data Science)

 Company-sepcific
foundation model

Working with a 
well-pretrained model
 Common concepts

or facts

Complex coupling of 
external, latest content
 highly up-to-date

 dialog system

The combination of current
data sources with specific,

learned background
 highly specialized

service system

https://intelligencebriefing.substack.com/p/make-llms-smarter-with-rag-grounding-in-data
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There is no lack of
cheat sheets



© Heinz Nixdorf Institut / Fraunhofer IEM17

What can you do with 
GenAI?
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Generative Artificial Intelligence 
Definition and examples

Artificial 
intelligence

Generative

Generates new 
data

Discriminative
Find relationships, 
differences, etc.

Generative AI 
Landscape 

Code

3D

ImageVideo

Text

Other 
(language, etc.) Image

Code

Text

3D

Video

Language

...

Code

Text

3D

Image

Video

Language

...

to

Transformer: Sequence to Sequence
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Generative Artificial Intelligence
Definition and examples

Generative AI 
Landscape 

Code

3D

ImageVideo

Text

Text-to-Image

@midjouney

/imagine photo of a 
futuristic autonomous 
car, --ar 16:9 

V1, Feb. 22 V2, April 22

V4, Nov. 22V3, Juli 22

V5, März 23

Artificial 
intelligence

Generative

Generates new 
data

Discriminative
Find relationships, 
differences, etc.

Other 
(language, etc.)
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Generative Artificial Intelligence
Definition and examples

Generative AI 
Landscape 

Code

3D

ImageVideo

Text

Image-to-Image

Artificial 
intelligence

Generative

Generates new 
data

Discriminative
Find relationships, 
differences, etc.

Other 
(language, etc.) Inpainting / 

Generative Fill





Image-to-Image
Product Design Mock-Ups
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Source: (6) AI-empowered Engineering Hack: Create 3D renders from line sketches in record time | LinkedIn

Input image + prompt

Output

https://www.linkedin.com/pulse/ai-empowered-engineering-hack-create-3d-renders-from-line-falkowski%3FtrackingId=O5KgUeU8Pt9%252FVmSVgjXecw%253D%253D/?trackingId=O5KgUeU8Pt9%2FVmSVgjXecw%3D%3D


Text-to-Image
Use Case example: Design Experimentation
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@midjourney

/imagine sleek, futuristic 
product photography of a blue 
BMW --ar 16:9 --v 5.2



Image-to-Image
Use Case example: Design Experimentation
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@stablediffusion

beautiful photo of a red futuristic 
BMW car, Canon EOS 5D, 50mm, F/2.0, 
intricate details, futuristic 
technologyInput images + Depthmap + prompt

Output



Image-to-Image
Use Case example: Design Experimentation
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@stablediffusion

beautiful photo of a silver futuristic 
BMW car, Canon EOS 5D, 50mm, F/2.0, 
intricate details, futuristic 
technologyInput images + Segmentation + prompt

Output



Image-to-Image
Drag-Your-GAN (Generative Adversarial Networks )
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Source: Drag Your GAN: Interactive Point-based Manipulation on the Generative Image Manifold (mpg.de)

https://vcai.mpi-inf.mpg.de/projects/DragGAN/
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Generative Artificial Intelligence
Definition and examples

Generative AI 
Landscape 

Code

3D

ImageVideo

Text

Artificial 
intelligence

Generative

Generates new 
data

Discriminative
Find relationships, 
differences, etc.

Other 
(language, etc.)

Text-to-Video

@runwayml

/video Professor in front of young 
people, explaining with a lot of joy 
the benefits and risks of Gen AI. 
Wearing a black shirt and white 
sneakers, Professor has no hair on his 
head, but still good looking ;)
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Source: https://www.linkedin.com/posts/roman-dumitrescu-professor_engineeringthefuture-jarvis-activity-
7146396499017428992-vSEW 

https://www.linkedin.com/posts/roman-dumitrescu-professor_engineeringthefuture-jarvis-activity-7146396499017428992-vSEW
https://www.linkedin.com/posts/roman-dumitrescu-professor_engineeringthefuture-jarvis-activity-7146396499017428992-vSEW


Text-to-video
One year ago…
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Source: AI Will Smith eating spaghetti pasta (AI footage and audio) (youtube.com)

https://www.youtube.com/watch?v=XQr4Xklqzw8


Text-to-video
Now
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Source: AI Will Smith eating spaghetti pasta (AI footage and audio) (youtube.com)

https://www.youtube.com/watch?v=XQr4Xklqzw8
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Source: https://youtu.be/6de4akFiNYM?si=5ZBKO68Bm7nzR_nv 

https://youtu.be/6de4akFiNYM?si=5ZBKO68Bm7nzR_nv
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Generative Artificial Intelligence
Definition and examples

Generative AI 
Landscape 

Code

3D

ImageVideo

Text

Source: https://dreamfusion3d.github.io/

Text-to-3D

Other 
(language, etc.)

Artificial 
intelligence

Generative

Generates new 
data

Discriminative
Find relationships, 
differences, etc.



© Heinz Nixdorf Institut / Fraunhofer IEM33 Source: https://www.linkedin.com/posts/tommy-falkowski_promptdrivenengieering-generativeai-activity-
7190638088442773505-cWsE 

https://www.linkedin.com/posts/tommy-falkowski_promptdrivenengieering-generativeai-activity-7190638088442773505-cWsE
https://www.linkedin.com/posts/tommy-falkowski_promptdrivenengieering-generativeai-activity-7190638088442773505-cWsE
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Generative Artificial Intelligence
Definition and examples

Artificial 
intelligence

Generative

Generates new 
data

Discriminative
Find relationships, 
differences, etc.

Generative AI 
Landscape 

Code

3D

BildVideo

Text

Other 
(language, etc.)

Thoughts-to-Video

Source: [2305.11675] Cinematic 
Mindscapes: High-quality Video 
Reconstruction from Brain 
Activity (arxiv.org)

Stimulus RekonstruiertCinematic Mindscapes: High-
quality Video Reconstruction 

from Brain Activity

Videobeobachtung 
während eines 

MRI-Scans

Gehirn Encoding

Gehirn Decoding

https://arxiv.org/abs/2305.11675
https://arxiv.org/abs/2305.11675
https://arxiv.org/abs/2305.11675
https://arxiv.org/abs/2305.11675
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Multimodality:
Do we all get super powers now?
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Source: https://www.youtube.com/watch?v=JzmfXlP3Te0 

https://www.youtube.com/watch?v=JzmfXlP3Te0
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Generative Artificial Intelligence
DALL-E 3 in ChatGPT

Source: https://youtu.be/sqQrN0iZBs0?si=VoKbBxvLC3X8ef05 

https://youtu.be/sqQrN0iZBs0?si=VoKbBxvLC3X8ef05
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Multi-modal ChatGPT



Copilots for everybody
6. November 2023
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Quelle: https://openai.com/blog/introducing-gpts  

https://openai.com/blog/introducing-gpts


Your Personal J.A.R.V.I.S. 

https://jarvisformbse.github.io/jarvisformbse

https://jarvisformbse.github.io/jarvisformbse


 Depending on the task, a single 
prompt might not yield the desired 
output

 The use of agents can 
significantly increase the output 
quality by orchestrating multiple 
interactions between agents that 
have specific instructions, roles 
and tool access

 Human interaction is optional 
although recommended 
depending on the use case

 Costs need to be monitored when 
running fully automated workflows

Our new colleagues at work?
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Multi-agent frameworks

Source: Multi-agent Conversation Framework | AutoGen (microsoft.github.io)

https://microsoft.github.io/autogen/docs/Use-Cases/agent_chat/


Universal Manipulation Interface
Human Demonstration with UMI

© Heinz Nixdorf Institut / Fraunhofer IEM42
Source: Universal Manipulation Interface: In-The-Wild Robot Teaching Without In-The-Wild Robots (umi-gripper.github.io)

https://umi-gripper.github.io/
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Source: https://youtu.be/Sq1QZB5baNw?si=jmSAUajeJpZFGEkP 

https://youtu.be/Sq1QZB5baNw?si=jmSAUajeJpZFGEkP


How we are going to learn, research 
and work?

© Heinz Nixdorf Institut / Fraunhofer IEM44
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Generative AI and the future of work
What areas of work will AI change?

Tax

Accounting

Translation

Opinion poll

Content Creation

Project management

Product Design

System Architect

Product Engineer

Software development

Administration

Marketing

Engineering

Source: based on https://doi.org/10.48550/arXiv.2303.10130

The real question should be: 
"What part of every job will change 

as a result of AI?"



Does AI boost our performance?
Recent research results
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AI boosts everyone's performance Weaker participants benefit
more through the use of AI

Sources: Navigating the Jagged Technological Frontier: Field Experimental Evidence of the Effects of AI on 
Knowledge Worker Productivity and Quality | Centaurs and Cyborgs on the Jagged Frontier (oneusefulthing.org)

For 18 different tasks selected to be realistic samples of the kinds of work done at an 

elite consulting company, consultants using ChatGPT-4 outperformed those who did 

not, by a lot. On every dimension. Every way we measured performance.

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4573321
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4573321
https://www.oneusefulthing.org/p/centaurs-and-cyborgs-on-the-jagged


Overemployement
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Quelle: ‘Overemployed’ Hustlers Exploit ChatGPT To Take On Even More Full-Time Jobs (vice.com)

https://www.vice.com/en/article/v7begx/overemployed-hustlers-exploit-chatgpt-to-take-on-even-more-full-time-jobs


Der Weg nach vorne
Generative AI revolutioniert die Arbeitswelt
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Quellen: How generative AI can boost highly skilled workers’ productivity | MIT Sloan | SSRN-id4573321.pdf (mit.edu) | Economic potential of generative AI | McKinsey

 Generative KI birgt ein 
enormes Potenzial für die 
industrielle 
Wertschöpfung

 Insbesondere die 
Wissensarbeit kann 
einen noch nie 
dagewesenen 
Produktivitätszuwachs 
erleben

 Wir stehen gerade erst 
am Anfang, die 
Potenziale zu heben

https://mitsloan.mit.edu/ideas-made-to-matter/how-generative-ai-can-boost-highly-skilled-workers-productivity
https://mitsloan.mit.edu/sites/default/files/2023-10/SSRN-id4573321.pdf
https://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/the-economic-potential-of-generative-ai-the-next-productivity-frontier#work-and-productivity
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@midjouney

/imagine photo of an 
engineer sitting on a 
couch with a beer in 
hand, developing 
through a holographic 
natural language user 
interface, --ar 4:3

49 © Heinz Nixdorf Institut / Fraunhofer IEM

How will engineers work in the future?

How will engineers work in the future?
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Best Practices



Data-driven Engineering: TESLA verfügt über eine umfangreiche 
Menge an Daten, die von den Fahrzeugen gesammelt werden, was 
ihnen einen Vorteil im Bereich der KI gegenüber ihren 
Konkurrenten verschafft.

Intelligente Produkte geht nur durch intelligentes Engineering

© Heinz Nixdorf Institut / Fraunhofer IEM51

Beispiel Tesla

Quellen: Tesla manages to greatly improve camera quality on its cars through software update | Electrek | notateslaapp.com | TESLA 

Produktoptimierung im Feld: TESLA optimiert Fahrzeuge häufig 
über Over-the-air updates und verbessert bestehende Funktionen 
und ermöglicht sogar vollständig neue Funktionen

Vison-only: Im Gegensatz zu anderen OEMs hat TESLA 
entschieden, nur noch Kamera-basierte Ansätze zur Umsetzung 
von Self-driving Funktionalität zu nutzen

https://electrek.co/2023/10/07/tesla-improve-camera-quality-software-update/
https://www.notateslaapp.com/news/1611/tesla-improves-reverse-camera-view-in-update-2023-32
https://www.tesla.com/en_eu/AI


From Applied Specialized AI …
Aiming for the best outcome in engineering since 2009
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ENTIME Project 
Design Methods for 
intelligent technical 
Systems. Effective Access 
to Existing Solution 
Knowledge in Value-Added 
Chains

2009 20162010

ASE Transregio
Automated identification and 
derivation of solution patterns 
from models

Defect Analyzer
Specialized NLP-based AI 
Tool for NISSAN 
Automotive



… to Generative AI in Engineering
Aiming for the best outcome in engineering since 2009
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AI Marketplace
Our Idea of creating an 
ecosystem for AI in 
engineering wins big in 
one of Germany’s leading 
Technology competitions

2019 Since 2022
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Generative AI in Engineering – Use Cases

Functional 
Modeling

Logical 
Modeling

Hybrid 
Testing

Components
Testing

Mechanics

E/E Engineering

Software

Physical 
TestingSpecificationPotential and 

Idea Identification Production Operation & 
Service …

AI Use 
Cases

Requirements 
management

System 
Architecting

Design

Verification & 
Validation

Automation

PLM/ERP

Customer 
Service
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Generative AI in Engineering

Requirements 
management

X-to-Requirements



GenAI for Requirements Management
Potenziale und Reifegrad
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Auto-Segmentierung von 
Anforderungsdokumenten

Konsistenzprüfung von 
Anforderungen

Ähnlichkeitsanalyse und Delta-
Hervorhebung in Anforderungen

Automatisierte Generierung von 
Testfällen

Domänen-spezifische Zuordnung 
von Anforderungen durch LLM

Dokumentenvergleich und 
Verweisprüfung

Automatische Generierung von 
Anforderungsdokumenten

Unterstützung bei der 
Impact-Analyse

Automatische Überprüfung der 
Compliance

Update und Monitoring von Änder-
ungen in Normen und Gesetzen
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Generative AI in Engineering

X-to-System Architecture

System 
Architecting



GenAI for Model-based Systems Engineering
Potenziale und Reifegrad
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Automatisierte Generierung von 
SysML-Elementen

Verbesserung der 
Modellkonsistenz

Erzeugen von
Systemvarianten

Automatisierte Verknüpfung von 
Anforderungen und Architekturen

Beschreibung von Diagrammen
zum Wissensaustausch

Code-Erzeugung und Software 
Engineering
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Generative AI in Engineering

Source: Generative Engineering mit NX 
von Siemens Digital Industries Software

X-to-CAD

Design

Source: https://zoo.dev/ 

https://zoo.dev/
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Generative AI in Engineering

X-to-PLM/ERP

PLM/ERP

Source: https://www.aras.com/en/support/aras-innovator-101 

https://www.aras.com/en/support/aras-innovator-101
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Generative AI in Engineering

Source: Generative Engineering mit NX 
von Siemens Digital Industries Software

X-to-Robotics

Automation

Source: https://sereact.ai/de/pickgpt

https://sereact.ai/de/pickgpt
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Generative AI in Engineering

X-to-Customer

Customer 
Service

Source: https://ffnews.com/newsarticle/paytech/klarna-ai-assistant-handles-two-thirds-of-customer-service-chats-in-its-first-month/

https://ffnews.com/newsarticle/paytech/klarna-ai-assistant-handles-two-thirds-of-customer-service-chats-in-its-first-month/
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Robbie and Santino developing a LEGO robot
Prompt-driven MBSE – foolproof (kinderleicht)

Functional 
Modeling

Logical 
Modeling

Hybrid 
Testing

Components
Testing

Mechanics

E/E Engineering

Software

Physical 
TestingSpecificationPotential and 

Idea Identification Production Operation & 
Service …

@ChatGPT – GPT4

Hi, wir wollen heute einen 
Roboter bauen mit Lego 
education Spike Prime set. du 
bist jetzt Santinos Assistent. 
Santino will der größte 
Roboterbauer werden. Er ist 
aber noch ein Kind. Dein Name 
ist Robbie. 

Priming ChatGPT for MBSE

Requirements Definition

System 
Architecture

Test Cases

Concept Drafts
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Worst Practices
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Worst-practices @midjouney

/imagine data leaking out of a bucket, --ar 2:3

Sources: Samsung Bans Staff’s AI Use After Spotting ChatGPT Data Leak – Bloomberg (bloomberg.com); 
Amazon’s Q has ‘severe hallucinations’ and leaks confidential data in public preview, employees warn (platformer.news)
LinkedIn

Where ChatGPT and Co. should not (yet) be given free rein

https://www.platformer.news/p/amazons-q-has-severe-hallucinations
https://www.linkedin.com/posts/emollick_here-is-a-great-example-why-i-am-so-doubtful-activity-7137516300129431552-1BVX?utm_source=share&utm_medium=member_desktop


Worst-practices
Where ChatGPT and Co. should not (yet) be given free rein
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Sources: ars technica | X.com @ChrisJBakke | @redteamwrangler

https://arstechnica.com/tech-policy/2024/02/air-canada-must-honor-refund-policy-invented-by-airlines-chatbot/
https://x.com/ChrisJBakke/status/1736533308849443121?s=20
https://x.com/redteamwrangler/status/1736430198252356041?s=20


Worst-practices
Where ChatGPT and Co. should not (yet) be given free rein
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Sources: CNN World
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What is next



Wearable XAI
Data will be gained everywhere and everytime!
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Sources: apple.com | Limitless | Humane Ai Pin | Tab (mytab.ai) | rabbit r1 | Meta Smart Glasses 

https://www.limitless.ai/#pendant
https://humane.com/
https://mytab.ai/
https://www.rabbit.tech/
https://about.fb.com/news/2023/09/new-ray-ban-meta-smart-glasses/


Welcome to the Wonder-Panic Condition
The “Wizard of AI” by Alan Warburton
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https://www.theguardian.com/artanddesign/2023/dec/05/wizard-of-ai-artificial-intelligence-alan-warburton-dangers-film

https://www.theguardian.com/artanddesign/2023/dec/05/wizard-of-ai-artificial-intelligence-alan-warburton-dangers-film


Generative AI – The next industrial revolution
Summary
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The new generative AI solutions can make our everyday lives much easier 
- if we know when and how to use them

It is our duty to know the limits of generative AI and to establish rules for 
its responsible use

We are experiencing a speed of innovation that we have rarely or possibly 
never seen before 

The technology is virtually accessible to everyone - it has never been so 
easy to implement your ideas and learn new things in the process!

Critical thinking will be even more important in the future!
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Follow us
on YouTube!

https://www.youtube.com/@FraunhoferIEM 

https://www.youtube.com/@FraunhoferIEM
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