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Overview

Aim: automatic verification of complex high-level
specifications with infinite state space

Combined specification formalism (CSP-OZ-DC)
Integrating data, processes and time

Real-time requirements: Duration Calculus

Model Checking Data-Dependent Real-Time Properties oEIR€S — p.2




Gt|OLDENBURG
-
SGoRN  UNIVERSITAT
ljjj DES
GS SAARLANDES

[COverview |
[ Case Study
[ CSP-0ZDC,

| Ongoing Work

References

(] Automatic verification

CSP-0OZ-DC
l

Phase Event Automata

l

Transition Constraint Systems

l

Abstraction Refinement Model Checker

[ Demonstrated by an application from the ETCS
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moving block

[] Considers treatment of emergency messages in ETCS
[] Basic, potentially infinite data types (R, N)
[] Events with parameters (infinite range)

[] Guarantees reliablility properties

e [1 Reaction time not exceeded
 CsP-0zDC

Verifation | [1 Trains never collide

| Ongoing Work
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Case Study: Emergency Messages (2)
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moving block

[] The case study comprises
[] Communication aspects
[1 Data aspects
[ Real-time aspects
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The specification language CSP-OZ-DC combines

[ Communicating Sequential Processes (CSP)
~» Hoare, Brookes, Roscoe

Train:
mai n = Running || HandleEM || EmergencyDetection
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The specification language CSP-OZ-DC combines
[ Communicating Sequential Processes (CSP)

~ Hoare, Brookes, Roscoe

RBC:

WarningTo(id : TrainlD) = send.EmergencyWarning?id — ...
Train:

HandleEM = receive. EmergencyWarning.ID — ...
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The specification language CSP-OZ-DC combines

[ Communicating Sequential Processes (CSP)

[] Object-Z (O2)
~ Spivey, Smith

position : Position
shi : Position

position < shi

_ com.computeSBI
A(sbi)
eoa’ : Position

shi ' =
eoa’ — ReleaseDist — SopDist
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The specification language CSP-OZ-DC combines

[ Communicating Sequential Processes (CSP)
[] Object-Z (O2)
[] Duration Calculus (DC)

~ Zhou, Hoare, Ravn, Hansen

=< (] indicationToDriver ; HdriverAck A ¢ > 5)
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The specification language CSP-OZ-DC combines
[] Communicating Sequential Processes (CSP)
[] Object-Z (O2)

[] Duration Calculus (DC)

~_Train
chan send : [id : TrainlD]

Inter
face

mai n = Running || HandleEM || - - -

HandleEM = receive. EmergencyWarning?id — ...
_Init
position: R ... brakingMode = None ...

———— =
CSP
part

_com.applyBrakes _comecomputeSBl

OZTO&H

Overview
Case Study g
OCSP-0OZ-DC 4o . . . .
- —=([true] ; ] indicationToDriver ; BdriverAck A ¢ > 5) | ©
Verification ([ —I I ) } I

| Ongoing Work

References
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[ CSP-0OZ-DC is given an operational semantics in
Phase Event Automata (PEA)
[Hoenicke 2006]
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(1 Timed automata variant

(] Synchronize on data, events and time
[] Compositional
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... Verification of CSP-OZ-DC

Overview
Case Study
CSP-0Oz-DC

[ CSP-0OZ-DC is given an operational semantics in
Phase Event Automata (PEA)
[Hoenicke 2006]

(1 Timed automata variant

(] Synchronize on data, events and time
[] Compositional

A(CSP-0Z-DC) = A(CSP) || A(OZ) || A(DC)
A1 E ¢ = A1 || A2 = ¢
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... Verification of CSP-OZ-DC (2)

Test Formulae — Normal form —TA ARMC
@» PEA -~

CSP-0OZ-DC - PEA X

(1 Aim: Verification of A = ¢

[1 Translation of DC Test Formulae into PEA
[Meyer, Faber, Rybalchenko 2006]
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Test Formulae — Normal form —TA ARMC
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X

CSP-0OZ-DC > PEA

(1 Aim: Verification of A = ¢

[1 Translation of DC Test Formulae into PEA
[Meyer, Faber, Rybalchenko 2006]

DC Test Formulae

Phase ::= /¢ > 0A /¢~ k| Phase A [¢] | Phase AHE

Trace ::= Phase | [ £ | [ £ | Trace; ; Traces

Form ::= Trace | =Form | Form; A Form,
[Case Study Testform ::= Form | Testform; ; Testform, |
["CsP-0z-DC|

Testform; A Testform, | Testform; Vv Testform,
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Examples

—<$ (] detectEmergency ; 5 applyEB A BdriverAck A £ > 8)

=< ([ Track.position_1 > Track.position_0 — Length])

DC Test Formulae

Phase ::= /¢ > 0A /¢~ k| Phase A [¢] | Phase AHE

Trace ::= Phase | [ £ | [ £ | Trace; ; Traces

Form ::= Trace | =Form | Form; A Form,
[Case Study Testform ::= Form | Testform; ; Testform, |
["CsP-0z-DC|

Testform; A Testform, | Testform; Vv Testform,

| Ongoing Work

References

Model Checking Data-Dependent Real-Time Properties oEIh€S — p.8



L. Verification of CSP-OZ-DC (2)

Test Formulae — Normal form —TA ARMC
ED» PEA -~

X

CSP-0OZ-DC > PEA

(1 Aim: Verification of A = ¢

[1 Translation of DC Test Formulae into PEA
[Meyer, Faber, Rybalchenko 2006]

DC Test Formulae

Phase ::= /¢ > 0A /¢~ k| Phase A [¢] | Phase AHE

Trace ::= Phase | [ £ | [ £ | Trace; ; Traces

Form ::= Trace | =Form | Form; A Form,
[Case Study Testform ::= Form | Testform; ; Testform, |
["CsP-0z-DC|

Testform; A Testform, | Testform; Vv Testform,

| Ongoing Work

References

Model Checking Data-Dependent Real-Time Properties oEIh€S — p.8



). Verification of CSP-OZ-DC (3)
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Test Formulae — Normal form —TA ARMC
@» PEA -~

X

CSP-0OZ-DC > PEA

(1 Aim: Verification of A = ¢

[1 Translation of DC Test Formulae into PEA
[Meyer, Faber, Rybalchenko 2006]

[ Decomposition of DC properties
by means of a normal form
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Test Formulae — Normal form —TA ARMC
@» PEA -~

CSP-0OZ-DC = PEA
(1 Aim: Verification of A = ¢

[]

[]

X

Translation of DC Test Formulae into PEA
[Meyer, Faber, Rybalchenko 2006]

Decomposition of DC properties
by means of a normal form

Check for reachability of “bad” states in A || A(¢)
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L. Verification of CSP-OZ-DC (3)

Test Formulae — Normal form —TA ARMC
ED» PEA -~

CSP-0Z-DC > PEA X

(1 Aim: Verification of A = ¢

[1 Translation of DC Test Formulae into PEA
[Meyer, Faber, Rybalchenko 2006]

[ Decomposition of DC properties
by means of a normal form

Check for reachability of “bad” states in A || A(¢)

Representation of PEA In
Transition Constraint Systems (TCS)

1 O

Overview

ey [] Abstraction refinement model checking: ARMC

[Rybalchenko 2002]
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Task Locs Trans Vars | Refs TA ARMC
Delivery 122 | >18000 20 32 50s 86m
Delivery (decomp. 1) 14 366 14 8 2.7s | 13.9s
Delivery (decomp. 2) 17 173 10 17 2.2S 1.9s
Delivery (decomp. 3) 12 71 9 9 1.9s 0.7s
Delivery (decomp. 4) 17 156 12 17 2.2S 2.6s
Delivery (decomp. 5) 7 28 4 3 1.6s 0.1s
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[] First large-scale application example for the
declarative, high-level language CSP-OZ-DC involving

[ Infinite data

[ Real-time

[1 Communication aspects (infinite parameter types)
[1 Object-orientation

[] Focusing on message passing and infinite data types

[] State explosion problem
~» Decomposition for CSP-OZ-DC/PEA/DC needed
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