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Cyber-Physical Systems:
A Huge Modeling Challenge
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Time is 
Newtonian or 

relativistic

Time is 
sequences

Time is discrete 
events

Focus on the role of time



What is Time?
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Aristotle

Change

Newton

Smooth

Einstein

Relative

Wheeler

Discrete



What is Time?

Muller: Gives a theory of time that 
requires big black holes to collide 

somewhere near us to test it.
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Rovelli: “The nature of time 
is perhaps the greatest 

remaining mystery.”

2016 2018



How can we build systems based 
on something we do not 

understand

?
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Deterministic Timing

Is our goal for our models to accurately reflect 
the timing of our implementation?

or
Is our goal for the implementation to accurately 
reflect the timing of the model?

If it’s the latter, then deterministic timing 
makes perfect sense!
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Desirable Properties in a 
Model of Time

• A “present” that separates the past and future
• Support for causality
• A well-defined “observer”
• A notion of “simultaneity”

All are problematic in physics but useful in models.
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Order of Events and System State

There is no ground truth on the order in which 
events occur.
Einstein’s train: https://youtu.be/wteiuxyqtoM
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What is Time?
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Aristotle

Change

Newton

Smooth

Einstein

Relative

Wheeler

Discrete

All of these are about scientific models, not engineering models.



Cyber-Physical Systems:
A Huge Modeling Challenge
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The goal is for the implementation to accurately 
reflect the timing of the model.

So what should the model be?



Logical Time
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Logical and Physical Time
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Time and Timers
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From https://lf-lang.org:



Asynchronous External Events
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Logical and Physical Actions
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Reflex Game
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● Reaction Ordering
● Causality Loops
● Physical vs. Logical Time



Reflex Game Timing
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Causality Loops

If you reverse the order of reactions in the 
RandomSource, you get a causality loop error.
Why?
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Deadlines
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WCET?

T < t+ 500 usec

T > t+ 500 usec



20

Preempting 
Execution

Sieve of 
Eratosthenes

Anytime 
computation



Possible Deadline Variants

Implemented:
• Lazy deadline
• Cooperative lazy deadline (lf_check_deadline)
Not implemented:
• Eager deadline (Issue #1006)
• Preemptive deadline (kill) (Issue #403)
• Lag trigger (Issue #1006)
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Superdense Time
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Logical 
simultaneity 
is a key 
concept in 
Lingua Franca.



Teaser: Distributed Rhythm
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Teaser: Distributed Rhythm

25



Conclusion

Concepts:
• Logical time vs. physical time(s)
• Multiple timelines
• Superdense time
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