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Labelled Transition Systems

M=(Q, A, T, qp)

CADP toolbox (http://www.inrialpes.fr/vasy/cadp)

o Explicit representation o Implicit representation
(succ/pred function) (successor function)
- BCG (Binary Coded Graphs) - OPEN/CAESAR [Garavel-98]

SENVA meeting (INRIA Rhéne-Alpes, Nov. 16-17, 2005) ‘ 3



Alternation-free
Boolean Equation Systems

BES boolean graph
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[Andersen-94] portion explored during a
[Mader-97] DFS on-the-fly resolution
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Equivalence checking
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Global
o LTS built before check
o Partition refinement
o Better when check OK

On-the-fly
o LTS built during check
o Synchronous product
o Better when check KO



Strong equivalence

° M1 (Q1) A T1) q01 Q-Z A TZ) qOZ)
= [0 Q, xQ,is the max1mal relation s.t. p = q iff

HalUA.Up - p’0OT,. g - ,q’0T,. p’ =q’
and
HalA.Uqg -, q’UT,. [b -, p’UOT,. p’=q

oM =M, iff do1 = o2
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Translation to BES

o Principle: p=gq iff X, istrue
o General BES:

< Xog v @p nap Uy magq Xpq))
4
L (Dq -aq Dp —»ap’ Xp’,q’)

o Simple BES:
(

Xog =v (b _ap Ya,p’,qtD (Ly ~aq Zap,q)
WYapg= Uyaqg Xp g

Z =0 . X.. P=q
. “a,p,g° v —p-ap’ p’,q (preorder)
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Tau*.a and safety equivalences

° M1 (Q1’ Av T1’ q01 QZ Av TZ’ qOZ)
A =A0{1}
o T*.a equivalence:
(Xp,q ~V (Dp >T*.ap’ Dq >T1*.aq’ Xp’,q’)
< ]
L (Dq >T1*.aq’ Dp ST*.ap’ Xp’,q’)

o Safety equivalence:

f‘

<&qVY ayY,,
Yp,q Y Dp -1h.ap’ Dq -T1.aq Yp’,q’

.
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Observational and branching

equivalences
e Observational equivalence:
Xp,q v (Dp -1 p’Dq - T" q’Xp’,q’) i (Dp ~a p’Dq -T1".a.1" q’Xp’,q’)
[]
. (Dq -T q’Dp - T" p’Xp’,q’) A (Dq ~a q’Dp ->T1".a.T p’Xp’,q’)
o Branching equivalence:
Xog = oo p((O=TU X, ) L v g Lp g (Xpq DX )
[]
L Ly p((O=T0X, ) L) v (X o UK o)
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Tau-confluence reduction
[Groote & van de Pol 00]

o Form of partial-order reduction preserving
branching equivalence

/h\ /\ /\

________ P2 - -———--

\ )"

P4

b
Xpipp =N b (pz — VYV Xps.pa’ (( =) /\vf?%_’ff"? ‘”2>)

P1—P3 F’E_’f':’d- P3 _’}':’4

SENVA meeting (INRIA Rhéne-Alpes, Nov. 16-17, 2005) 10



Caesar_Solve library

e On-the-fly resolution of alternation-free BESs
[Mateescu-03]

o Developed in CADP using OPEN/CAESAR

e 5 linear-time sequential algorithms (12,000 lines of C)
- DFS and BFS for general BESs

- DFS memory-efficient for acyclic or
conjunctive/disjunctive BESs

o 1 linear-time distributed algorithm (10,000 lines of C)
[Joubert-Mateescu-04]

o Diagnostics (boolean subgraphs) [Mateescu-00]
e Generic, application-independent
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Architecture of Bisimulator
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Architecture of Tau Confluence
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Distributed vs sequential Bisimulator
(strong equivalence)

22
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Distributed vs sequential Bisimulator
(branching equivalence)
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Reduction by tau-confluence

RICINAL
|I EXAMPLE |I states | transitions | v-transitions | size (KB) H

Teader_l1 2314275 | 16008044 16 008 043 13 030
Sieve_1 4 162472 | 27605013 27 580 255 21674
des 180056 | 20350344 78 315 448 31816
sum_net_b a3 007 3160 061 3 160 060 2752
Cwi_hBh. 305, 66 G40 3081 157 3666614 1857
sum_wheelb 156G 067 Thr 211 767 210 G005

relrel 150 011 1240375 1147 831 3007

Table 1: Origimal LTss sizes hefore m-contluence reduction

REDUCED
EXAMPLE states pid trans. 74 T-trans. e 74
leader_ 11 G 310 . 67 110 GG 2 2. 10—
sieve_14 152 0-10 ° 151 210 ° 146 3 1-10 -
des 3362 | 7-10° 3470 1.10°7 3230 6 2102
sum_nei_s 2518 | 5101 2852 | 010 2 2861 5 210
Cii_hbb_ 308, 7125 1.25 15433 | 210 = | 12303 23 | 5-10 2
sum_wheel b 7851 1.3 3384 | 4107 RRER] G g 101
reLrel 121 078 51 603 GO0 A8 R6G 217 || Loos 3

Table 2: Reduced LTSs sizes atter m-contluence reduction, and ratio w.or.t, orig
inal LTss
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Distributed vs sequential
Tau_Confluence
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(small) Demo
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Conclusion and future work

o Already done
- Generic BES resolution library Caesar_Solve [Mateescu-03]
Distributed resolution [Joubert-Mateescu-04]
Bisimulator and Tau_Confluence
Multi-block BES resoluion algorithm [Joubert-05]
Model checking for alternation-free mu-calculus
Conformance test generation
e Ongoing work
- Encoding of other equivalences and reductions

» Markovian bisimulation [Hermanns-Siegle-99]

» Tau-inertness [Groote-Sellink-90],
weak tau-confluence [Groote-vandePol-00]

- Study of other BES resolution strategies
- Heterogeneous machines = grids
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