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Outline
US2TS 2025

ÁThe Bosch Group & the Carnegie Bosch Institute

ÁTowards Decision Systems in the Cyber-Physical World

ÁMachine vs. Human Reasoning 

ÁThe Meta-Question about Large Models in AI

2



01



November 2024



!ƭƛƎƴ ǿƛǘƘ ŎƻǊŜ ŀǊŜŀǎ ǘƘŀǘ ŀǊŜ ŀƳƻƴƎ /a¦Ωǎ ǊŜǎŜŀǊŎƘ 
competencies at the intersection of business and 
technology, and are of ever-growing importance for 
global industry, including AI, Robotics, 
Sustainability/Energy, Cybersecurityand Privacy, and 
related areas of innovation.

Stimulate cutting-edge research through fundingapplied projects and 
sponsoringand supportingresearch efforts

Disseminate knowledge by distributing research results, sponsoring 
conferences, and providing executive education programs

Foster international cooperation by encouraging partnership and 
networks among industry, academia, and other organizations

MissionPurpose
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Bosch Group and 
Corporate Research
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Where we come from

1886
¢ƘŜ ά²ƻǊƪǎƘƻǇ ŦƻǊ tǊŜŎƛǎƛƻƴ 
Mechanics and Electrical 
9ƴƎƛƴŜŜǊƛƴƎέ ƻǇŜƴǎ ƛƴ {ǘǳǘǘƎŀǊǘ

1906
Eight-hour day is introduced

1933
Bosch launches first refrigerator

1978
Bosch introduces ABS antilock 
braking system

1902
Bosch develops high-voltage 
magneto ignition with spark 
plugs

1952
Bosch launches the first electric 
universal food processor, named 
άNeuzeitέ

1958
Semiconductor components are 
used in vehicles for the first time

1958
.ƻǎŎƘΩǎ ŦƛǊǎǘ 
washing machine 
enters the market 

1886
1932
Bosch launches power tools, 
enters the 
heating-systems
business
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Historical milestones at Bosch

1918
¢ƘŜ ŀƴŎƘƻǊ ōŜŎƻƳŜǎ .ƻǎŎƘΩǎ 
trademark 

Bosch established its first sales company in 
1906, first manufacturing plant in 1912



Where we come from

1993
Bosch tests the first 
autonomous vehicle on the 
road

2004
Bosch joins the United 

bŀǘƛƻƴǎΩ Dƭƻōŀƭ /ƻƳǇŀŎǘ

2011
First e-bike drive system is 
launched on the market

1995
ESP® electronic stability 
program is introduced

2011
Bosch starts first activities 

in Industry 4.0 domain

2020
Bosch achieves carbon neutrality 

worldwide in scopes 1&2

2025

1995
Bosch starts mass 
production of MEMS 
sensors

2013
First electric car with Bosch 

electric drive goes into series 

production

CO2-neutral
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Historical milestones at Bosch

2021
Waferfab of the future 
opens in Dresden





Consumer GoodsMobility

Our business sectors
Who we are
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Industrial Technology Energy and Building Technology



Who we are
Our company around the globe

Europe Asia Pacific* Americas

49%

44.5bn

246,100

31%

28.0bn

118,800

20%

17.8bn

53,000

* including other regions

share of sales

sales revenue

associates (approx.)

share of sales

sales revenue

associates (approx.)

share of sales

sales revenue

associates (approx.)

In 2024
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Bosch Research Worldwide  
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BOSCHRESEARCHPITTSBURGH

Focus: The Research and Technology Center (RTC) in Pittsburgh focuses on investigating new and existing technologies and deployingthem 

ŀƳƻƴƎ ǘƘŜ .ƻǎŎƘ ƎǊƻǳǇΩǎ ōǳǎƛƴŜǎǎ ǳƴƛǘǎΦ 

Key Areas: Neuro-symbolic AI, Robotics, Signal processing and Multi-modal Models



US2TS 2025
Cyber-Physical AI & Reasoning: Making Decision in the Physical World

ÁCyber-Physicalreality refers to the integration of the digital and physical layers in intelligent, 

interconnected environments and distributed systems

ÁBy combining domain knowledge with machine learning, we strive to enhance reasoningacross 

multi-modal sensing and actuation while enabling explainability, generalizability, robustness.

- Flexible methods of domain knowledge modeling  

- Physical models (mathematical representation of physical processes, e.g., grinding)

- World models(internal representations that predict future states by learning patterns from data, e.g., robotics)

- Symbolic models   (explicit logical representations, e.g., causal knowledge graphs)

- Schematic models(diagrammatic representations of a system, e.g., circuit diagrams) 

ÁTheCyber-Physical AI & Reasoninggroupaims to transform a broad range of technologies and 

processes designed for manufacturing, automation, and large-scale operations (e.g., anomaly 
detection, predictive maintenance) 

ÁWe build AI-based solutions (e.g., holistic dashboards, co-pilots) to enhance situational awareness, 
decision making, human-machine-collaboration in cyber-physical reality
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Decision Intelligence
in the Cyber-Physical World
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US2TS 2025
The Three Levels of Decision Intelligence

Decision 
Support

Ámachines provide some basic tools to support human decision making,    such as 
alerts, analytics and data exploration. The decisions themselves are made entirely by 
humans

Decision 
Augmentation

Ámachines play a larger and more proactive role in the decision process. They analyze 
the data and generate recommendations and predictions for decision-makers to 
ǊŜǾƛŜǿ ŀƴŘ ǾŀƭƛŘŀǘŜΦ IǳƳŀƴǎ Ŏŀƴ ƳŀƪŜ ŘŜŎƛǎƛƻƴǎ ōŀǎŜŘ ƻƴ ǘƘŜ ƳŀŎƘƛƴŜΩǎ ǎǳƎƎŜǎǘƛƻƴǎΣ 
or they can work cooperatively with the machine to amend the recommendation.

Decision 
Automation

Ámachines perform both the decision step and the execution step autonomously. 
Humans have a high-level overview, monitoring the risks and any unusual activity and 
regularly reviewing outcomes to improve the system.
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US2TS 2025
Landscape
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Á Logistic Optimization 

Á Demand Forecasting

Á Supply Chain Decisions

Á Causal Analysis

Á Power System Simulation and 
Optimization

Á Power and load forecasting

Á Resource Scheduling

Á O&M monitoring

Á Production Scheduling

Á Market Decision-Making

Á Content Recommendation

Á Inventory Pricing

Á Sustainability

Á Production Optimization

Á Anomaly Detection

Lab

CR/RSI1-NA|Alessandro Oltramari- 01.31.2024



AllSpark: A Systems-focused Collaboration
US2TS 2025
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AllSpark Motivation
Reasoning across software, hardware and physical world
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Motivation
AI reasoning will enable the next wave of CPS tools
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FutureToday

NexeedCycle 
Assist

BMG 
DashCam

AudioAI

Process Curve 
Studio

Codesys
Debugging



Motivation
AllSparkwill enable high impact applications
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Design

Testing

Commission

Ramp-Up

Operation & 
Maintenance

Decommission

Line optimization recommendations

Test case generation for CI/CD

Co-generation of PLC code and CAD simulation

Automatic virtual commissioning

Machine Development

Lifecycle

Cyber-physical Cognitive Assistant

Identify deviations from lead plant at bring-up

Multi-modal reasoning for predictive maintenance

ID component recycling opportunities

CR/RSA3-NA | 2025-04-04



Motivation
AI for CPS is promising, but there is a long way to go

How do we 

close the gap?
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ÁJoint distribution is not well 

understood

- Little data available

- Domain expertise required

Digital Physical
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Data Availability

Agentic Frameworks

Use Cases
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Data Availability

Agentic Frameworks

Use Cases



Data quality and quantity are far below where they need to be
Challenge: Data Availability
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ώнϐ !Φ hΩbŜƛƭƭet al., "Open X-Embodiment: 
Robotic Learning Datasets and RT-X Models : 
Open X-9ƳōƻŘƛƳŜƴǘ /ƻƭƭŀōƻǊŀǘƛƻƴΣέ нлнп L/w!Σ 
Yokohama, Japan, 2024. 

[1] Vaughan, Thom. "January 2025 Crawl 
Archive Now Available."Common Crawl, 31 
Jan. 2025, commoncrawl.org/blog/january-
2025-crawl-archive-now-available.



PoCsin the lab(s) support data collection & understanding costs
Challenge: Data Availability
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CPU & Memory Use

Code Traces

System Logs

Network Traffic

╧
Program state

Digital Data
Physical Data

Time-Synchronized

Network



CPS Data Visualization provides grounding for expert interviews
Challenges: Specific, High-Value Use Cases
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Capturing datasets across labs and applications
Challenge: Data Availability
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RenningenPlatforms

ά[ŜŀŘέ LƴǾŜǊǘŜŘ tŜƴŘǳƭǳƳCESA3R cell

Pittsburgh Platforms

ά/ƘƛƭŘέ LƴǾŜǊǘŜŘ tŜƴŘǳƭǳƳRobotic Arm
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Data Availability

Agentic Frameworks

Use Cases





Agentic frameworks for Cyber-Physical Systems
Challenge: Agentic Framework Design

Orchestrator

Agent1 Agent2 Agent3 Agent4

Verifier1 Verifier2 Verifier3

Verifier4 Verifier5

Multimodal
CPS Data

Natural
Language Query



Several challenges will hamper Agentic deployments in CPS
Challenge: Agentic Framework Design
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Orchestrator

Agent1 Agent2 Agent3 Agent4

Verifier1 Verifier2 Verifier3

Verifier4 Verifier5

Modalities are highly diverse:
- Physical time series
- Digital time series
- Tabular
- Electrical Schematics
- Mechanical representations
- Code
- Χ

Chain-of-thought
reasoning across 
several modalities

Verifiers are often
domain specific and
expensive



Neuro-Symbolic Agentic AI for CPS: The Vision
Challenge: Agentic Framework Design
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Orchestrator

Agent1 Agent2 Agent3 Agent4

Verifier1 Verifier2 Verifier3

Verifier4 Verifier5

Knowledge Base
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Data Availability

Agentic Frameworks

Use Cases



Multi-agent Copilot

Agents Memory

Domain
Knowledge

Causal
Model

Others: Causal Discovery, Data Processing, Task Recommendation  

Machines
Machine Observations

Machine Configurations

DataProduction Line

Process Observations

Processes

Infrastructure

US2TS
CausalPulse: Multi-agent Copilot for Causal Analysis
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AllSparkDemo
Live demo of Shopfloor Assistant
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GPT-4o
Outlier 

finder

Agent 
Coordinator

Data 
Visualization

Natural 
Language

Q&A

AllSpark

Data
CR/RSA3-NA | 2025-04-04



Can AI Decide Like a Human?
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US2TS 2025
Decisions in the Lab

?


