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Concurrent programs

Program: a tupleP T1 Tn of finite labelled

transitionsystems

Ti Ai Si ∆i s0i 1 i n

where

Ai is analphabetof actions,

Si is a finite setof (local) states,

∆i Si Ai §i is a transitionrelation, and

s0i Si is theinitial state.
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Semantics

Thebehaviour of P is definedby the(reachablesubset

of) theglobaltransitionsystem

TP A S ∆ s0

where

A A1 An

(A partitionedinto visibleandinvisible actions),

S S1 Sn

(s i denotestheith componentof s S),

s0 s01 s0n ,

s a s ∆ iff for every1 i n

– a Ai s i a s i ∆i, and

– a Ai s i s i .



Reducingthe model checkingproblem

Themodelcheckingproblemfor a program

P T1 Tn canbereducedto (severalinstances

of) thefollowing problems:

Theforbiddentraceproblem(FT)

Given: ProgramP, actiona.

To decide:DoesTP exhibit a forbiddentrace, i.e.,a

tracea0a1a2 an A suchthatan a ?

Theforbiddeninfinite traceproblem(FIT)

Given: ProgramP, actiona.

To decide:DoesTP exhibit a forbiddeninfinite trace,

i.e.,aninfinite tracea0a1a2 Aω suchthatai a

for infinitely many i 0?

Thelivelockproblem(L)

Given: ProgramP, actiona.

To decide:DoesTP exhibit a livelock, i.e.,aninfinite

tracea0a1a2 Aω suchthatai a for somei, and

a j is invisible for every j i?
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The unfolding
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First tr ee
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SolvingFT for n 1

Prooftree: Prefixof theunfoldingof P.

A noden is a terminalif

(I) it is reachedby aneventlabelledby a, or

(II) theproof treeconstructedsofar containsa

noden labelledby thesamestateasn.

A tableauis a (minimal)proof treesuchthatall

leavesareterminals.

A terminaln is successfulif it is of typeI.

A proof treeis successfulif it hasat leastone

successfulterminal.

Theorem: P a exhibits a forbiddentraceiff P a has

a successfulproof tree.



Generalization to n 1. First attempt

Problem: Terminalsarelocal states,but a terminal’s

definitionmustreferto globalstates.

Idea[McMillan 92,95]: Associateto eachnoden of

theunfoldinga globalstateGS n asfollows:

let Hist n bethe“history” of n;

let GS n betheresultof “executing”Hist n .

New definitionof terminal:

A noden is a terminalif

(I) it is reachedby aneventlabelledby a, or

(II) theproof treeconstructedsofar containsa

noden suchthatGS n GS n .

A terminaln is successfulif it is of typeI.
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Adequateorders

GS n GS n tooweakfor a terminal

An order onhistoriesis adequateif it

is well-founded,

preservescausality:if h prefix of h thenh h ,
and

is preservedby finite extensions:if h h , then
h h h h for all h .

Wesayn n if Hist n Hist n .

New definitionof terminal:

A noden is a terminalif

(I) it is reachedby ana-transition,or

(II) theproof treeconstructedsofar containsa

noden n suchthatGS n GS n .

A terminaln is successfulif it is of typeI.

Theorem: P a hasa forbiddentraceiff it hasa
successfultableau.



Problem: n n is anadditionalcondition

lessplacesareterminals

proof treescanbebigger!

In [McMillan 92]:

h h if sizeof h smallerthansizeof h .

TableauxcanbeexponentiallybiggerthanTP

In [E.,Römer,Vogler96,E.,Römer99]:

Total orders .

Theorem: Any tableauxin which theeventsare

addedin -orderhassizeO TP .



A solution to FIT for n 1

A noden is aterminalif Hist n containsanode

n labelledwith thesamestateasn.

A terminaln is successfulif Hist n Hist n
(thepathfrom n to n) containssomea-labelled

transition.

Theorem: P a exhibits a forbiddeninfinite traceiff

P a hasa successfultableau.

Problem:tableauxcanbeexponentiallylargerthanTP
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A better solution for n 1

New definitionof terminal:

A noden is a terminal if thereis a noden la-

belledwith thesamestateasn suchthat

n belongsto Hist n , or

n doesnot belongto Hist n , andHist n
containsat leastasmany a-labelled

transitionsasHist n .

A terminal n is successfulif n belongs to

Hist n andHist n Hist n containssome

a-labelledtransition.

Theorem: P a hasa forbiddeninfinite traceiff it has

a successfultableau.Thesizeof any tableauin which

eventsareaddedin -orderis O TP
2 .
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Generalization to n 1

Definition of terminal:

A noden is a terminalif thereis a noden n

suchthatGS n GS n , and

n belongsto Hist n , or

n doesnot belongto Hist n , andHist n
containsat leastasmany a-labelled

transitionsasHist n .

A terminal n is successfulif n belongs to

Hist n andHist n Hist n containssome

a-labelledtransition.

Theorem: TP a hasa forbiddeninfinite traceiff it

hasasuccessfultableau.

With theadequateordersof [E.,Römer,Vogler96] and

[E., Römer99] thesizeof any tableauis atmost

O TP
2 .



A successfultableau
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Unfoldingsvs. BDDs

Conceptualsimilaritiesanddifferences:

Both techniquescompressthestatespace

BDDs exploit regularity

Unfoldingsexploit concurrency

Consequences:

Robustness: Unfoldingslesssensitive to changes

in thesystem

Compression: Prefixsmallerfor looselycoupled

systems,BDDs smallerfor tightly coupled

systems
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Unfoldingsvs. stubborn sets

Conceptualsimilaritiesanddifferences:

Both techniquesexploit concurrency

Stubbornsetsdiscardinformation

Unfoldingscompressinformation

Stubbornsetsareconservative: smalloverheadis

guaranteed,at thepriceof asuboptimalreduction

Unfoldings“ take risks”: largeoverheadis

possible,but optimalcompression

Consequences:

No lossof information All reachability

propertiescheckableon thesameprefix

Causalityinformationavailable

(ex. alarmpatterns)

Largeroverheadsfor tightly coupledsystems
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