
Lecture 23 - Nov 27

Bridge Controller

Adding Actions, Splitting Events
Preventing Livelock/Divergence
Proving Livelock/Divergence Freedom



Exercise: Specify IL_tl_green/inv2_5/INV

Fixing m2: Adding Actions
ML_tl_green/inv2_5/INV





Exercise: Specify IL_out/inv2_4/INV

Invariant Preservation: ML_out/inv2_3/INV

ML_out/inv2_3/INV



Discharging POs of m2: Invariant Preservation First Attempt

ML_out/inv2_3/INV



Understanding the Failed Proof on INV

Unprovable Sequent: 
a + b < d

∧ c = 0
∧ ml_tl = green 
⊢ 

(a + 1) + b < d



Fixing m2: Splitting Events



Current m2 May Livelock



Fixing m2: Regulating Traffic Light Changes

< init, 
  ML_tl_green, 
  ML_out_1,
  ML_out_2, 
  IL_in, 
  IL_in,
  IL_tl_green, 
  IL_out_1, 
  IL_out_2, 
  ML_in,
ML_in 

>

d = 2 ml_pass il_pass
1 1

Divergence Trace: <init, ML_tl_green, ML_out_1, IL_in, IL_tl_green, ML_tl_green, IL_tl_green, …>



Fixing m2: Measuring Traffic Light Changes

< init, 
  ML_tl_green, 
  ML_out_1,
  ML_out_2, 
  IL_in, 
  IL_in,
  IL_tl_green, 
  IL_out_1, 
  IL_out_2, 
  ML_in,
ML_in 

>

d = 2 ml_pass il_pass
1 1
0 1
1 1
1 1
1 1
1 1

01
1 1
1 1
1 1
1 1 occurrences of 

new events

variant: V(c, w)



PO of Convergence/Non-Divergence/Livelock Freedom

A New Event Occurrence Decreases Variant

ML_tl_green/VAR

Variants: ml_pass + il_pass



PO of Relative Deadlock Freedom
Abstract m1

Concrete m2



Discharging POs of m2: Relative Deadlock Freedom



1st Refinement and 2nd Refinement: Provably Correct

Correctness Criteria:
+ Guard Strengthening
+ Invariant Establishment 
+ Invariant Preservation
+ Convergence
+ Relative Deadlock FreedomAbstract m1

Concrete m2


