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FOUNDATIONS OF CAUSALITY
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WHAT IS CAUSALITY?
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LAPLACE'S DEMON
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CONFUSING CORRELATION AND CAUSALITY IS
PROBLEMATIC
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ICE CREAM CONSUMPTION AFFECTING ENERGY
CONSUMPTION?

The Role of Causality in Autonomous Fault Handling for Cyber-Physical Production Systems | Hochschule Bielefeld | Kaja Balzereit | 19.08.2025 | Seite 10



Hochschule
Bielefeld
University of
Applied Sciences
and Arts

OR ENERGY CONSUMPTION AFFECTING ICE CREAM
CONSUMPTION?

The Role of Causality in Autonomous Fault Handling for Cyber-Physical Production Systems | Hochschule Bielefeld | Kaja Balzereit | 19.08.2025 | Seite 11



Hochschule
Bielefeld
University of
Applied Sciences
and Arts

TEMPERATURE AFFECTING BOTH
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THE LADDER OF CAUSATION
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Interventions

. .. When | change the price of the ice cream,
Association how would the sales (probably) change?

Does observing higher ice cream sales
change the probability of observing higher
energy consumption?
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Counterfactuals

How much would | have earned if | opened
the ice cream shop in 2005?
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IDENTIFICATION OF CAUSALITY
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PROBLEM FORMULATION

A 4

Input products Industrial process Output products

Quality data x Quality data y

Goal: Hypothesis about causal
dependencies

change(x;, Ax;) = change(y;, Ay;)

K. Balzereit, A. Diedrich, D. Kubus, J. Ginster and A. Bunte, "Generating Causal Hypotheses for Explaining Black-Box Industrial
Processes," 2022 |EEE 5th International Conference on Industrial Cyber-Physical Systems (ICPS), Coventry, United Kingdom, 2022, pp.
1-6, doi: 10.1109/ICPS51978.2022.9816879, Fig. 4.
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Correlation
analysis

A 4

Quality data x

= — Formulation of causal
egression hypothesis

analysis
Ay change(x;, Ax;) = change(y;, Ay;)

A\ 4

Quality data y

»

Knowledge

o ) —— ) ) ) ) ) K. Balzereit, A. Diedrich, D. Kubus, J. Ginster and A. Bunte, "Generating Causal Hypotheses for Explaining Black-Box Industrial
The Role of Causality in Autonomous Fault Handling for Cyber-Physical Production Systems | Hochschule Bielefeld | Kaja Balzereit | 19.08.2025 | Seite 18 Processes," 2022 IEEE 5th International Conference on Industrial Cyber-PhysicaI Systems (ICPS), Coventry, United Kingdom, 2022, op.
1-6, doi: 10.1109/ICPS51978.2022.9816879, Fig. 4.



SOME THOUGHTS ON CAUSAL DISCOVERY

Assumptions

Are data enough?

Causal Sufficiency

Temporal Priority Condition
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NOW THAT WE HAVE CAUSALITY...

APPLICATION EXAMPLE
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AUTONOMOUS FAULT HANDLING
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Transition function @, initial mode p,

Cyber-physical
production system eventsY Reconfiguration variables RCEG
RCFG = {bg,, bs,, ..., b5 }

|RCFG
Dependency graphs Y
Causal System model Satisfiability solver

dependencies bo, ber s G*G? S SAT(SD A [[OBS
> > S=/\hmr:b Vb, V- (SD A[OBS],
j; \\xét i (low; = bg, Vb, V) A [RCFG] )

\ 4

. . yvalcy Observables OBS
Area of valid behavior " OBS = {lowy, high,, .., 10Wp, highp}

Current observation y

Balzereit, Kaja, and Oliver Niggemann. "AutoConf: new algorithm for reconfiguration of cyber-
physical production systems." IEEE Transactions on Industrial Informatics 19.1 (2022): 739-749.
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CONCLUSION

I Spurious correlations might set false trails.

I Many assumptions made by causal discovery methods might be difficult to satisfy in
practical applications.

— Combination with expert knowledge can be fruitful.

I With the knowledge of causality, we can do a lot, e.g., diagnose a fault or
reconfigure a system.

Knowledge about causalities is crucial, but difficult to acquire.
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