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Case Study on Reactive Systems -
Bridge Controller 
First Refinement: Invariant Preservation
New Events
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Bridge Controller: Guarded Actions of “new” Events in 1st Refinement

IL_in: A car enters island 
(getting off the bridge).

IL_out: A car exits island 
(getting on the bridge).
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Before-After Predicates of Event Actions: 1st Refinement

- Pre-State
- Post-State
- Sate Transition
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Visualizing Invariant Preservation in Refinement
Each new state transition (from w to w’) 
should be simulated by 
an abstract dummy state transition (from v to v’)
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PO/VC Rule of Invariant Preservation: Sequents

Q. How many PO/VC rules for model m1?

Abstract m0

Concrete m1
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Discharging POs of m1: Invariant Preservation in Refinement

IL_in/inv1_4/INV
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Discharging POs of m1: Invariant Preservation in Refinement
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Livelock Caused by New Events Diverging

An alternative m1 (for demonstration) >
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Use of a Variant to Measure New Events Converging

Variants for New Events: 2 · a + b variant: 2 · a + b

occurrences of 
concrete events
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PO of Convergence/Non-Divergence/Livelock Freedom

Variant Stays Non-Negative

A New Event Occurrence Decreases Variant

variant: V(c, w)

occurrences of 
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Idea of Relative Deadlock Freedom
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PO of Relative Deadlock Freedom
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Example Inference Rules
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Discharging POs of m1: Relative Deadlock Freedom
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Discharging POs of m1: Relative Deadlock Freedom
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Initial Model and 1st Refinement: Provably Correct

Correctness Criteria:
+ Guard Strengthening
+ Invariant Establishment 
+ Invariant Preservation
+ Convergence
+ Relative Deadlock Freedom
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