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Activities

✓ Making available Relay-based RIS models: from drawings to timed transition systems

✓ Correlate different computational models with Abstraction Modulo Stability

• Consider a specific configuration p:
• Testing RRIS[p] ⊆ SwRIS[p]
• Proving RRIS[p] = SwRIS[p]

• Many other open problems...
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Making available the RRIS models

Plan of the talk

1 Making available the RRIS models

2 Abstraction Modulo Stability

3 Testing RRIS ⊆ SwRIS

4 Remaining problems
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Making available the RRIS models

Relay-based Railway Interlocking Systems
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(opt)
1 (I1,O1) = ∃E1 . C1 C

(opt)
2 (I2,O2) = ∃E2 . C2C1(I1,O1) C2(I2,O2)

(If needed) break cycles A.switch = next(A.coil)
URGENT A.switch ̸= A.coil
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Making available the RRIS models

Norma: a compiler from RRIS to Timed SMV [TACAS22]

palette

norma

Model

Trace

Check

SMV components

SMV model1
Compile

Check

optimized SMV model

Simplify

Model checker

1

Symbolic infinite-state timed transition system: Timed nuXmv [CimattiGMRT – CAV’19]
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Making available the RRIS models

Norma outcomes
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Abstraction Modulo Stability
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Abstraction Modulo Stability
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Abstraction Modulo Stability

Abstraction Modulo Stability [CAV22]

Given:

• M = ⟨X ,C , I , Init(X ),Trans(X , I ,X ′)⟩ timed transition system

• Mτ closed system: Transτ := Trans ∧ (I = I ′)

• P set of predicate variables (P ⊆ X )

• σ stability definition: JϕσK = {s | Mτ , s |= σ} are the stable states

AMS(P, σ) : TTS → FSM

• AMS(P, σ)(M) = A = ⟨P, I , InitA(P),TransA(P, I ,P ′)⟩
• p0 |= InitA iff

Mτ |=∃ (¬ϕσ U (ϕσ ∧ p0))

• (p1, in, p2) |= TransA iff

M |=∃ F
(
(ϕσ ∧ p1) ∧

(
Gin ∧X(¬ϕσ U (ϕσ ∧ p2))

))
.
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Abstraction Modulo Stability

How to choose σ

• ”predicate abstraction” σ := ⊤
• non-urgent abstraction σ := ∃X ′, I . Trans(X , I ,X ′) ∧ δ > 0

• T -time abstraction (T ∈ R+) σ := Y(δ > T )

• same-predicate abstraction σ := AG(P = XP)
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Testing RRIS ⊆ SwRIS

Plan of the talk
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Testing RRIS ⊆ SwRIS

Testing RRIS[p] ⊆ SwRIS[p]

∀π ∈ Simulate(RRIS[p]) . testSwRIS[p](µ(π))

where:

• Simulate : M → ℘(ΠM) paths generator

• µ : ΠRRIS[p] → TestcasesSwRIS[p] mapping

• testSwRIS[p] test executor for SwRIS[p]
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Testing RRIS ⊆ SwRIS

Test executor: TOSCA

A tool developed by FBK for RFI. Provided functionalities:

• Specify abstract test cases in Controlled Natural Language
• sequence of steps specifying events, commands, assumptions, assertions
• does not need to refer to a specific station

• Automatically instantiate abstract tests in executable test cases

• Execute test cases on the code + simulator of the Environment

• Evaluate coverage level on the code and on the abstract model
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Testing RRIS ⊆ SwRIS

Mapping

π

AMS(π)

step 1:

command X1;
within 100 cycles:

assume Y1;
within 100 cycles:

assert Z1;

step 2:

command X2;
within 100 cycles:

assume Y2;
within 100 cycles:

assert Z2;

step 3:

command X3;
within 100 cycles:

assume Y3;
within 100 cycles:

assert Z3;

TOSCA abstract
test case

SwRIS execution
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Testing RRIS ⊆ SwRIS

Mapping example

-
+

A R1.sw

R1.cl

-
+

R1.sw R2.sw

1sR2.cl R3.cl

-
+

R3.sw R4.sw

5sR4.cl R5.cl

0

1

6

(00000) (10000) (10000)

(11000) (11100) (11100)

(11110) (11111)

A
(00000)

(11100)

(11111)

A

A : ”command A”;
R3.cl : ”assume Gate up”;
¬R3.cl : ”assume Gate down”;
R5.cl : ”assert Light On”;
¬R5.cl : ”assert Light Off”;

mapping.json

step 0: // initial state

assume Gate down

assert Light Off

step 1: command A

within 100 cycles: assume Gate up

within 100 cycles: assert Light Off

step 2:

within 100 cycles: assume Gate down

within 100 cycles: assert Light On

test.atosca
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Testing RRIS ⊆ SwRIS

Paths generator

• Random simulations

• subset-wise coverage of relays

• coverage of ”negative and positive proofs” for each circuits:

use AMS

For p1, p2 ∈ 2P and in ∈ 2I :

witness(p1, in, p2) :=
{
π ∈ ΠM

∣∣∣π |= F
(
(ϕσ ∧ p1) ∧

(
Gin ∧X(¬ϕσ U (ϕσ ∧ p2))

)) }
For |P| = 1:

• Positive proofs : {π | π ∈ witness(p, in,¬p)}
• Negative proofs : {π | π ∈ witness(p, in, p)}
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Testing RRIS ⊆ SwRIS

Positive and negative proofs

46 paths extracted. Covering:

• 24 input combinations for which CBi does not change
status

• 22 input combinations for which CBi changes status
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Testing RRIS ⊆ SwRIS

Wrapping up
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Remaining problems

Plan of the talk

1 Making available the RRIS models
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Remaining problems

Future directions

• Apply Abstraction Modulo Stability to LdS: symmetric checks

• What coverage criterion for Simulate guarantees to consider all RRIS behaviors?

• Use Abstraction Modulo Stability to generalize from instances to abstract concepts

WG2.3 Trento, October 2023 A. Becchi, A. Cimatti 22



Remaining problems

Future directions

• Apply Abstraction Modulo Stability to LdS: symmetric checks

• What coverage criterion for Simulate guarantees to consider all RRIS behaviors?

• Use Abstraction Modulo Stability to generalize from instances to abstract concepts

WG2.3 Trento, October 2023 A. Becchi, A. Cimatti 22


	Making available the RRIS models
	Abstraction Modulo Stability
	Testing RRISSwRIS
	Remaining problems

