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About me

= Industry practitioner

— Embedded controls and industrial automation for diesel engine manufacturing and
applications at Cummins

— Data-driven + model-based approach at Bosch
— Model-based design problems from Toyota during PhD

= Academic researcher
— Control, robotics, AI/ML, formal analysis, more during MS at Penn
— Multi-formalism Model-Based Design, formal analysis during PhD at Carnegie Mellon
— Software and system architecture during PhD at Carnegie Mellon

= Research Scientist
— Work on building a modeling and simulation platform
— Used by industry practitioners and academic researchers alike
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[Modeling]: Model-Based Design and Systems Engineering
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Simulink + S-functions

Unified representation

Graph level & algorithm
level analysis

Modeling semantics level
analysis

Implementation level
analysis

HDL code
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[IModeling]: Model-Based Operation with Digital Twins
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Diagnostics: On

Challenges in the Operation and Design of Intelligent
Cyber-Physical Systems, S. Castro, P.J. Mosterman,
A.H. Rajhans, and R.G. Valenti, book chapter,
Complexity Challenges in Cyber Physical Systems:
%fé?l?g';ﬂ: Cd ee’Inga%rtlgﬂikm:rlgtﬁﬂu()hélfxl,tc;.sltjﬂ?t?;r;n q https://www.mathworks.com/discovery/digital-twin.html
A. Tolk, eds., Wiley, 2019.
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[Simulation] Increasing relevance (example):
Billions of ‘Simulation miles’ driven by autonomous vehicles

THEVERGE

WELCOME T0 SIMULATION CITY, THE VIRTUAL
mllll[l:lllE\gJHERE WAYMO TESTS ITS AUTONOMOUS

The Alphabet company is doubling up on simulation as it gets closer to commercialization

https://www.theverge.com/2021/7/6/22565448/waymo-simulation-city-autonomous-vehicle-testing-virtual

https://techcrunch.com/2019/07/10/waymo-has-now-driven-10-billion-autonomous-miles-in-simulation/
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New paradigms with the advent of Al

Simulation for Al (examples) Al for Simulation (examples)

) 8 https nvidia.com/en-us,

RESEARCH

Neural Ordinary Differential Equations

WELCOME TO THE

Al PLAYGROUND

The Intersection of Al, Art, and Science.

Ricky T. Q. Chen#, Yulia Rubanova¥®, Jesse Bettencourt®, David Duvenaud
University of Toronto, Vector Institute

{rt.qichen. rubancva, jessebett, duvenaud}@cs. toronto. edu
ai.stanford.edu/blog/igibson
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= Large Realistic Scenes
e Roberto Martin-Martin
= The Rise of Al-Driven Simulators: Building a New Crystal Ball
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Research challenges (example):
addressing heterogeneity

Protocols and policies
(State machines)

Physics and mechanics
(Acausal modeling)

Control design
e.g., block diagrams)

> Algorithms
i (e.g., procedural code)
]

Multi-Model Heterogeneous Verification of Cyber-Physical Systems,
A. Rajhans, PhD Thesis.

Simulation of Hybrid Dynamic Systems, P.J. Mosterman, A. Rajhans, A.

Mavrommati, R.G. Valenti,
Springer Encyclopedia of Systems and Control, Second Edition
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Summary

>

Modeling and simulation continues to play a pivotal role, from design time to
operation time

Deployment landscape increasingly complex with IoT scenarios
New world of opportunities with the advent of Al

Fundamental questions about multi-formalism multi-scale analysis still
relevant

Need for curricula and continued education in Modeling and Simulation



