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Introduction Modal and temporal properties

Overview

The verification problem

e Given a specification of the system's behaviour is in MCRL2

e and the system's requirements are specified as properties in a
temporal logic,

e a model checking algorithm decides whether the property holds for
the model: the property can be verified or refuted,;

® sometimes, witnesses or counter examples can be provided

Which logic?

p-calculus with data, time and regular expressions
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From modal logic ...
Hennessy-Milner logic

.. propositional logic with action modalities
¢ u= true | false | =~ [ GNP [ ¢V [ () | [a

Laws

—(a)¢ = [ad-¢
—lalp = < a)~¢
(a)false = false
[a]true = true
@(OV) = (2)dV (a0
[a}(CbAll)) [ald A [alb
(a)d = (a(dAP)
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From modal logic ...

Hennessy-Milner logic + regular expressions
ie, with regular expressions within modalities

pu=elalpplptplp |p"
where
e o is an action formula and € is the empty word

e concatenation p.p, choice p + p and closures p* and p*

Laws

(P1+p2)d = (p1)d V (p2)d
[p1 +p2lp = [p1ld A lp2ld
(P1-p2)$ = (p1)(P2)P
[p1.p2]d = [p1llp2]d
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From modal logic ...

Action formulas

o« z=ay|---|ay | true | false | —x | aUox | aNa

where
® a1 |---|a,is a set with this single multiaction
e true (universe), false (empty set)

e —x is the set complement

Modalities with action formulas:
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... to temporal logic

Examples of properties

o (a.a.b)d = (a)(a
e (a.b+g.d)d

v
—~

o
=
<

Safety
o [true*]d

e it is impossible to do two consecutive enter actions without a leave
action in between:
[true*.enter. — leave*.enter]false

e absence of deadlock:
[true*](true)true
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... to temporal logic

Examples of properties

Liveness
o (true*)¢

e after sending a message, it can eventually be received:
[send](true*.receive)true

e after a send a receive is possible as long as it has not happened:
[send. — receive®](true*.receive)true
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... to temporal logic

The modal p-calculus

e modalities with regular expressions are not enough in general

e ... but correspond to a subset of the modal p-calculus [Kozen83|

Add explicit minimal/maximal fixed point operators to Hennessy- Milner Iogic‘

¢ u= X|true| false [~ | PAD | GV [ b= [(a)d | [ald [ nX . d [ vX. D
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... to temporal logic

The modal p-calculus (intuition)

o X . is valid for all those states in the smallest set X that satisfies
the equation X = ¢ (finite paths, liveness)

e vX . is valid for the states in the largest set X that satisfies the
equation X = ¢ (infinite paths, safety)

Warning
In order to be sure that a fixed point exists, X must occur positively in

the formula, ie preceded by an even number of negations.
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... to temporal logic
Laws & Notes (but see the p-calculus slides!)

wX. o = vX.d

and self-duals:

—uX.p = vX.—d
vX.p = uX.—o

Translation of regular formulas with closure

R1d = vX.[RIXAd
)
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Example: The dining philosophers problem

Formulas to verify

e No deadlock (every philosopher holds a left fork and waits for a right fork
(or vice versa):

[true*]<true>true
® No starvation (a philosopher cannot acquire 2 forks):
forall p:Phil. [true*.!eat(p)*] <!eat(p)*.eat(p)>true
® A philosopher can only eat for a finite consecutive amount of time:
forall p:Phil. nu X. mu Y. [eat(p)]Y && ['eat(p)]X

® there is no starvation: for all reachable states it should be possible to
eventually perform an eat (p) for each possible value of p:Phil.

[truex] (forall p:Phil. mu Y. (['eat(p)]Y && <true>true))
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