
Lecture 2
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Case Study on Reactive Systems -
Bridge Controller 
First Refinement: State and Events
(continued)



Bridge Controller: State Space of the 1st Refinement

Dynamic Part of Model

Exercises
inv1_4: linking abstract & concrete states
inv1_5: bridge is one-way

Static Part of Model
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Bridge Controller: Guards of “old” Events 1st Refinement

ML_out: A car exits mainland 
(getting on the bridge).

ML_in: A car enters mainland 
(getting off the bridge).
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d = 2
a = 
b = 
c = 

d = 2
a, b, c initialized to 0

Abstract m0

Concrete m1

Bridge Controller: Abstract vs. Concrete State Transitions

d = 2
n initialized to 0

d = 2
n =

Scenario
- car leaving ML
- car entering ML
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Before-After Predicates of Event Actions: 1st Refinement

- Pre-State
- Post-State
- Sate Transition

>post;E¥
>
evaluationactions [

↳ becomes
*PIE

✓as if : a :=a b :-b



States, Invariants, Events: Abstract vs. Concrete
Abstract m0

Concrete m1
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v and v’: abstract variables in pre-/post-states
w and w’: concrete variables in pre-/post-states

I(c, v): list of abstract invariants
J(c, v, w): list of concrete invariants

G(c, v): an abstract event’s guards
H(c, w): a concrete event’s guards

E(c, v): an abstract event’s effect
F(c, w): a concrete event’s effect

PO Rule of Invariant Preservation in Refinement: Components
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Lecture 2

Part G

Case Study on Reactive Systems -
Bridge Controller 
First Refinement: Guard Strengthening



satisfying values
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PO/VC Rule of Guard Strengthening: Sequents
Abstract m0

Concrete m1

Q. How many PO/VC rules for model m1?
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Discharging POs of m1: Guard Strengthening in Refinement
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Discharging POs of m1: Guard Strengthening in Refinement
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Case Study on Reactive Systems -
Bridge Controller 
First Refinement: Invariant Preservation



PO/VC Rule of Invariant Preservation: Sequents

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

Abstract m0

Concrete m1
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Visualizing Invariant Preservation in Refinement
Each concrete state transition (from w to w’) 
should be simulated by 
an abstract state transition (from v to v’)
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Discharging POs of m1: Invariant Preservation in Refinement

ML_out/inv1_4/INV Exercise



Discharging POs of m1: Invariant Preservation in Refinement

ML_in/inv1_5/INV
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Case Study on Reactive Systems -
Bridge Controller 
First Refinement: Inv. Establishment



K(c): effect of abstract init

L(c): effect of concrete init

Components

Rule of Invariant Establishment Exercise: 
Generate Sequents from the INV rule.

PO of Invariant Establishment in Refinement

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

-

BAFA:-O * ¢+bY+¢=Xo
'

0
.

0
.
Q''

b'
to ** ¥-0 ✓¥0

Hit /HV1-4/INV ☒lies/INV

.

pst-%fe.TN' DEN
d >0

dew
d>0

1-* 1- **
# An .TN. Cord . 5 .

0+0+0=0 0=0 ✓ 0=0



Discharging PO of Invariant Establishment in Refinement
Exercises


