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Purpose Mission

lf A3y GAGK O2NXB | NBIl & (K IStinulgte suBngddog @esgarhhroughfur@liig apiiBdpréjectivandK
competenciesat the intersection of business and sponsoringandsupportingresearch efforts

technology, and are of evagrowing importance for
global industry, includingl, Robotics
Sustainability/EnergyCybersecurityand Privacy and

related areas of innovation Foster international cooperatiorby encouraging partnership and
' networks among industry, academia, and other organizations

Disseminate knowledgéy distributing research results, sponsoring
conferences, and providing executive education programs
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Established in 1990 through a significant

endowment from the Bosch Group, the

core mission of the Camegie Bosch
Institute (CBI) is to bring together
corporate, foundation, and academic
research pariners to work side by side in
developing new methods and solutions

for challenging problems.

WE ARE

A world-class academic and industry
collaboration for more than 30 years,
CBl is a unique alliance between
Carnegie Mellon University and Bosch.
Activities at CMU include hosting the
prestigious Carnegie Bosch Fellowship,
fostering breakthrough research by
providing funding for faculty, staff,
and students, and providing ongoing
support for Carnegie Bosch Chaired

Professorships.

MORE

carnegiebosch.cmu.edu

WHAT WE DO
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Host the CBI Fellowship, a prestigious postdoctoral
program focused on Al, cybersecurity/privacy,
robotics, and sustainability

Host the Symposium on Responsible and
Sustainable Al (ReS Al)

Promote early-stage research and scouting
by providing seed funding to CMU faculty
and CMU-affiliated organizations

Support CMU faculty in pursuing
government-funded research proposals
through cost-share parinerships and
matching-fund commitments

Support entrepreneurial research and promote
transformative innovation within corporations
through educational programming, in
colloboration with the Tepper School of Business

5000 Forbes Ave
Pittsburgh, PA 15213

cbi@andrew.cmu.edu

,  linkedin.com/company/
carnegie-bosch-institute




02
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Bosch establisheits first sales company in

Where we come from 1906, first manufacturing plant in 1912

/

Historical milestones at Bosch  /

/
1
1

1886 1906 /1933 1958 B0SCH s R
¢CKS dG22NJ]akKz2L) ¥ Elghmhqul\dgy@sﬂrﬁmd@gd Bosch launches first refrigerator . 2 & OK Q& g SUAY
Mechanics and Electrical E washing machine —
9y 3IAYS 5 NAy3e 2 LIS4Ba A 0 de=3 & NI, enters the markefle:
1aE ¢ KS | O 2NJ 0S02YSa
trademark 1958 '
BN Semiconductor components are
_‘:D, used in vehicles for the first time
1932 _ 1978
Bosch launches power tools, 3 .« Bosch introduces ABS antilock
enters the » braking system
heatingsystems g =
1902 business
Bosch develops higioltage 1952 i
magneto ignition with spark Bosch launches the first electric. &=

olugs L’mive rsg! food processor, namec _~
oNeuzeit
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Where we come from
Historical milestones at Bosch

1995

Bosch starts mass
production of MEMS
sensors

Y

2004 2013
Bosch joins the United First electric car with Bosch
bl GA2yaQ Df 2 &lectric drive yoegindiseries

production
2011 ¥

Bosch starts fst activities
in Industry 4.0 domain

Waferfab of the future
opens in Dresden

1993
Bosch tests thaifst

autonomous vehicle on the Aty b

road

1995
ESP® electronic stability
program is introduced

9 CarnegieBosch 9 -
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2011
First ebike drive system is
launched on the market

2025

CQO-neutral

2020
Bosch achieves carbon neutrality
worldwide in scopes 1&2
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Vivalytic from Bosch: the all-in-one
solution for molecular
diagnostics >

me

Vivalytic Bacterial Meningitis by
Bosch: PCR rapid test for medical
emergencies [

Everything about the Vivalytic Analyser >

‘Changer!

Test quickly, easily and safely Where Vivalytic is used >
directly on site.

The current test portfolio >




Who we are
Our business sectors

Mobility Industrial Technology Consumer Goods Energy and Building Technology
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Who we are
Our company around the globe

In 2024
€,
Europe Asia Pacific* Americas
& 49 N 31% N 20%
€ 44.%n € 28.0bn € 17.8n
RQA 246,100 RQR 118,800 RQA 53000
associates (approx.) associates (approx.) associates (approx.)

* including other regions

o Carnegielosh ﬂ BOSCH




Bosch Research Worldwide

Sunnyvale Boston 0

Plttsburgh

Hildesheim

Rennmgen

Tel Aviv

Q

Bangalore

Q Shanghai

Singapore

. comsnes IR
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Focus The Research and Technology Center (RTC) in Pittsburgh focuses on investigating new and existing technologies aritede ploying
FY2y3 GKS . 230K 3INRAAIQ& o0dzaAySaa dzyAdao

Key AreasNeurasymbolic Al, Robotics, Signal processing and ¥hddal Models
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CyberPhysical Al & Reasoning: Making Decision in the Physical World

A CyberPhysicareality refers to the integration of the digital and physical layersielligent,
interconnected environments and distributed systems

A Bycombining domain knowledge with machine learninge strive to enhance2asoningacross
multi-modal sensing and actuation while enabling explainability, generalizability, robustness.
- Flexible methods of domain knowledge modeling
- Physical modelgnathematical representation of physical processes, e.g., grinding)
- World modelqinternal representations that predict future states by learning patterns from data, e.g., robotics)
- Symbolic modelg(explicit logical representations, e.g., causal knowledge graphs)
- Schematic modelgiagrammatic representations of a system, e.g., circuit diagrams)

g

COMBINATION Q

T —— T A TheCyberPhysical Al & Reasonigyoupaims to transform a broad range of technologies and

KNOWLEDGE LEARNING

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

A We buildAl-based solutions (e.g., holistic dashboardspitots) to enhancesituational awareness,
decision making, humamachinecollaborationin cyberphysical reality

Carne 'eBOSCh a -
gllN STITUTE Y ‘ BOSCH
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Decision Intelligence
In the CyberPhysical World
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The Three Levels of Decision Intelligence

FORBES ) INNOVATION

Is Decision Intelligence The
New AI?

Pascal Bornet Forbes Councils Member
Forbes Technology Council COUNCIL POST | Membership (Fee-Based

H

Pascal Bornet is an expert in AI and Automation, best-selling author,

keynote speaker, and CDO at Aera Technology.

CarnegieBosch
INSTITUTE

A machines provide some basic tools to support human decision making, such
alerts, analytics and data explorationl he decisions themselves are made entirely by

Decision humans
Support

A machines play a larger and more proactive role in the decision proc@ey analyze
the data and generate recommendations and predictions for decisi@kersto | =~
NSASg YR GFIfARIFIUSP | dzYlya OFYy YIFI1TS| RSO
Decision or they can work cooperatively with the machine to amend the recommendation.

Augmentatior

A machines perform both the decision step and the execution step autonomously.
Humans have a higlevel overview, monitoring the risks and any unusual activity and
Decision regularly reviewing outcomes to improve the system.

Automation

BOSCH
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Landscape
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Logistic Optimization
Demand Forecasting
Supply Chain Decisions
Causal Analysis

Power System Simulation and
Optimization

Power and load forecasting
Resource Scheduling

O&M monitoring
Production Scheduling
Market DecisioaMaking
Content Recommendation
Inventory Pricing
Sustainability

Production Optimization
Anomaly Detection

CarnegieBosch
INSTITUTE

ORACLE

BUSINESS INTELLIGENCE

RAINBIRD
A

DECISION
INTELLIGENCE &
NEUROSYMBOLIC Al

IBM Operational Decision
Manager

Discover, capture, analyze, automate and govern
rules-based business decisions in the
environment of your choice

07-18-18

Why Google defined a new
discipline to help humans make
decisions

Machine-learning systems are only as smart as their training data. So Google formalized

the marshaling of hard and soft sciences that go into its decisions

Cognitive Automation in Pricing,
Promotions, and Forecasting

Ml
Reckitt
Benckiser

Decision Intelligence Lab

Our team specializes in researching and innovating technologies covering machine learning,
mathematical modeling, optimization solving, time series prediction, causal analysis,
interpretability of decision-making solutions, and decision-making assistance for intelligent
systems, thus boosting operational efficiency and increasing profits while cutting costs. Our
flagship products include the industry-leading MindOpt optimization solver, the intelligent
power forecasting tool eForecaster, and the decision-making cloud platform. In addition, our
innovative technologies are applicable to various scenarios, including power system simulation
and optimization, power and load forecasting, content recommendation, resource scheduling,
inventory pricing, O&M monitoring, production scheduling, marketing decision-making, and
data intelligence analysis. Notably, our solutions have played a pivotal role in powering "Green

Energy AI" projects in collaboration with major entities like the State Grid Corporation of China

0
Platform & Solutions Industries BUY NOW FREE TRIAL Aw

LUMIVERO

Unilever Uses DecisionTools Suite Software to Inform
Decisions on Innovation

BOSCH
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AllSpark: A Systeriecused Collaboration

Pittsburgh, USA RenningenDE
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Resea rch A Bosch Company
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AllSpark Motivation
Reasoning across software, hardware and physical world

A ‘ ;['Ejﬁ | allgj//;

22 BOSCH




Motivation
Al reasoning will enable the next wave of CPS tools

Today Future

Codesys BMG

Debugging DashCam i

NexeedCycle AudioAl
Assist Process Curve

Studio

s Carneglelouh ﬂ BOSCH




Motivation
AllSparkwill enable high impact applications

Line optimization recommendations
Design

Caogeneration of PLC code and CAD simulation

Automatic virtual commissioning

Test case generation for CI/CD

Identify deviations from lead plant at briagp

Multi-modal reasoning for predictive maintenance

Operation &
Maintenance
ID component recycling opportunities

Cyberphysical Cognitive Assistant
Machine Development

Lifecycle
24 CarnegieBosch e
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Motivation
Al for CPS is promising, but there is a long way to go

Digital Physical

A Joint distribution is not wel
understood

- Little data available
- Domain expertise required

How do we
close the gap?

CarnegieBosch BOSCH
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Data Availability

Use Cases
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Challenge: Data Availability
Data quality and guantity are far below where they need to be

500 coe
450 </>
~
n 400 [1] Vaughan, Thom. "January 2025 Crawl
m Archive Now AvailableCommon Crawl, 31
— 350 Jan. 2025¢commoncrawl.orgplog/january-
~ 2025crawlarchivenow-available.
)
N 300
@B 250 ()
b
) 200
o
o 150
100 GH & | dtah (DpehAEmbodiment:
Robotic Learning Datasets and-RModels :
50 OpenXO Y6 2RAYSY( [/ 2ttt of)2N}Y A2y ¢ HJ
Yokohama, Japan, 2024.
0

CommonCrawl Open-X
28 BOSCH




Challenge: Data Availability
PoCsn the lab(s) support data collection & understanding costs

o Physical Data
Digital Data

°® o
0 °
CPU & Memory Use

System Logs
000
Code Traces < >
{ I } Network Traffic

Program state

Time-Synchronized
o9 Network BOSCH




Challenges: Specific, Hiyfalue Use Cases

CPS Data Visualization provides groundin

g for expert interviews

2- rerun.io

camera

[
£ system-metrics-cpu-memory
|

15:58:30Z 15:58:40Z

program-flow-circle

= 2 S timeline &

memory_usage @

cpu_usage @

@ journalcti-logs

timeline
£U£D-U1-13 1210013 1.9UGBDGL
2025-01-13 15:58:31.919030Z
2025-01-13 15:58:31.933221Z
2025-01-13 15: 1.947392Z
61560Z
2025-01-13 15:58:31.975722Z
2025-01-13 15:58:31.989895Z
2025-01-13 15:58:32.00409...

2025-01-13 15:58:32.018273Z

program-flow-2d

Rerun Viewer

judio-spectrogram

History Buffer Spectrogram from 0s to 36s

Frequency (Hz)

amplitude Time (s)

@ program-flow-functions
Body timeline

£U£D-U1- 13 191053 1.WUGBIGL

2025-01-13 15:58:31.919030Z

2025-01-13 15:58:31.933221Z

2025-01-131 31.947392Z

2025 31 31.961560Z

2025-01-13 15:58:31.975722Z
2025-01-13 15:58:31.989895Z
2025-01-13 15:58:32.004090Z F

2025-01-13 15:58:32.018273Z

State: Balance execute
ethercat_read

pou_general_machine

pou_general_drive
pou_general_axis
pou_main

pou_standup,_rel

Function Names

Presence

pou_lar_sim
pou_drive_control_word

ethercat_writ

- Executed reat_write
Not Executed filter_velocity

Function Index + Source PC

Presence

Intensity (dB)




Challenge: Data Availability
Capturing datasets across labs and applications

RenningerPlatforms Pittsburgh Platforms

-------
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“Read
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Environment = LLM Agents Agentic Memory
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Challenge: Agentic Framework Design
Agentic frameworks for Cybéthysical Systems

Natural

Language Query
— Orchestrator
/ ,

Vool U
o o

BOSCH

Multimodal
CPS Data

e (G

Verifier,




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

‘ Orchestrator ’

Modalities are highly diverse:

35

Physical time series
Digital time seles
Tabular

Electrical Schematics

Mechanical representations

Code
X

CarnegieBosch
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Chainof-thought
reasoning across
several modalities

)

Verifiers are often
domain specific and
expensive

i

Verifier;

Verifier,

Verifier;

BOSCH




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

Orchestrator

Agentic Memory %

Verifier;
Knowledge Base

BOSCH




Use Cases

BOSCH



US2TS
CausalPulseMulti-agent Copilot for Causal Analysis

38
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Production Line

I Process Observations

Processes
o e,
|
= == =] ' hatog
Machines -

’ %! Machine Observations

£+ Machine Configurations

Multi-agent Copilot

Agents

Anomaly
Detection

Is the product RZOt ?ayse
OK/NOK? D nalysis

Process
Optimization

Others: Causal Discovery, Data Processing, Task Recommendation

P RN
0. — .'. 56 N
g @ G)
L N0Z \$/
. SR
Domain Causal
Knowledge Model
Infrastructure
ORI 2
LangGraph @ o\, Protocol g

Model Context Protocol




OPFLOOR COGNITNE ASSISTANT

T oo




04

Can Al Decide Like a Human?

BOSCH



US2TS 2025
Decisions In the Lab
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