Closure Under Stuttering
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Closure Under Stuttering

Desired property of LTL formulas is closure under stuttering :
interpretation of the formula remains the same under state

sequences that differ only by repeated states [Abadi,Lamport'91].

+ Guaranteed [Lamport¥4] for a subset of LTL without the o
operator

Examples:
= Oa is closed under stuttering

Using LTL to Specify Production Cell
System

= oa is not closed under stuttering

Legend:
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Notation: <<F>> - F'is closed under stuttering

+ Case study initiated by Forchrungszentrum Informatik (FZI)
+ Aimed to show applicability of formal methods to real-world
examples
Example property:
The magnet of the crane may be deactivated only when the
magnet is above the feedbelt.

Resulting LTL formula:
O((activate 0o-activate) O o(head ver = DOWN))

Is this formula closed under stuttering?!!

Related Work

+ Determining whether an arbitrary LTL formula is closed under
stutterung is PSPACE-complete [Peled, Wilke,Wolper96]
= Tableu-based, $$$ approach
+ A computationally-feasible algorithm for determining closure
under stuttering for a subclass of formulas has been proposed
[Holzmann, Kupferman‘96] but not implemented in SPIN
= Algorithm cannot be applied by hand
= How useful in practice?

QOur goal:
= Want to have syntactical restrictions on LTL (like “no next
state”) that guarantee that the resulting formula is closed
under stuttering
= Want the approach to apply to real-life problems

Edges

O((activate Do-activate) 0 o(head ver = DOWN))

an edge (a change of value)

Formally, if 4 is an LTL formula, then
tA=-4004 -- up orrising edge
1A=400-4 -- down or falling edge
T4=14014 -- anyedge

Example: 104

Edges = events

(Logical) edges = signal edges

I




Main Result

Observation:

stuttering does not add or delete edges (or change their
relative order)

O @ @ @ ©

Theorem:
<<4>> 0<<B>>0 << O (~4Do400B)>>

Proof: in [Paun99]

Some Properties of Edges

+ Edges are related: + Edges interact with each other:
t-A=14 114 =14
1-A=14 114 =bi4
7-4=04

+ Edges interact with boolean operators:
t1(4A0B)=(1400B)0(1B00A)
+ Edges interact with temporal operators
tod=o0o14
104 = false
104 =14000-4
tAUB)=-(40B)0o(AUB)

Some Properties of Closure Under
Stuttering

ais avariable or a constant 0 <<a>>
<<A>> = <<=A4>>
<<A>>k<B>> 0 <<4 OB>>
<<A>> 0 <<0O4>>

<<d>> 0 << 04>>
<<A>><<B>> 0 <<4 UB>>
<<A>>0<<B>> [0 <<4 *B>>,
where *04{C,C,0,0,=

Formulas of the form <<4>> 0 f (14): edges t and | can be
used interchangeably.

Closure Under Stuttering Properties

Property 1 (Existence)
<<d>>0<<B>>k<C>> 0 << V(14 00BOC)>>
with simplified versions:
<<d>>0<<B>> 0 << (14 OB)>>
<<A>>0<<B>> 0 << (14 DOB)>>

Property 2 (Universality)
<<A>>k<B>>k<C>>0 << O(t4A 0 (OB OC)>>
with simplified versions:
<<A4>>k<B>> 0 << 0O(14 0 B)>>
<<A4>>0<<B>> 0 << 0O(14 0 0B)>>

Closure Under Stuttering Properties
(Cont'd)

Property 3 (Until)
<<A>>k<B>>K<C>> 0 <<D>>[K<E>><F>>
0 << (~1A00BOC)U( 1D OCE OF)>>
with many simplified versions.
Examples:
The magnet of the crane may be deactivated only when the
magnet is above the feedbelt.

O(: activate O O(head ver = DOWN))

Initially, no items should be dropped on the table before
the operator pushes and releases the GO button

- Lhold U 1 button

Quick Summary

+ We introduced the notion of edges for LTL
+ We provided a set of theorems that enable syntax-based
analysis of a large class of formulas for closure under stuttering.
+ Such theorems can be added to a theorem-prover for
mechanized checking.
11 But the language of edges is not closed !!

Example: 14

Are the properties that can be identified using our method
useful in practice?




Application: Property Patterns

+ Pattern-based approach [Dwyer,Avrunin,Corbett'98,'99]
= Presentation, codification and reuse of property
specifications
= Easy conversion between formalisms: CTL, LTL, QRE, GIL...

= Goal: to enable novice users to express complex properties
effectively

= LTL properties are state-based

+ Apply our theory to
= extend the pattern-system with events for LTL properties
= check closure-under-stuttering of resulting formulas

Pattern Hierarchy

+ Absence A condition does not occur within a scope

¢ Existence A condition must occur within a scope

+ Universality A condition occurs throughout a scope

¢ Response A condition must always be followed by another
within a scope

¢ Precedence A condition must always be preceded by ancther
within a scope. 14
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