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Summary of results

* Automatic method for proving liveness for
randomised parameterised systems, e.g.,

 Randomised Self-Stabilising (Israeli-Jalfon/Herman)
- * Randomised Dining Philosopher (Lehmann-Rabin)
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Parameterised Systems

Example: most distributed protocols in the verification

iterature, e.q., for the
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Dining Philosopher problem
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Randomised Parameterised
Systems

Definition

Markov Decision Processes




|sraeli-dalfon Randomised
Self-Stabilising Protocol
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|sraeli-dalfon Randomised
Self-Stabilising Protocol

Probability of reaching a stable configuration from any fFaulty

confrguration under arbitrary schedulers 1s T



Liveness (a.k.a. almost-sure
termination)

Probability of reaching a target sef of states from any witial

state for the system uwder@rary sched@l} T




L Iveness for Parameterised
Systems

e Infinite-state verification (verify for each instance)

* Challenging esp. for probabilitistic systems, e.g.,
 Randomised Self-Stabilising (Israeli-dalton/Herman)
 Randomissd Dining Philosopher (Lehmann-Rabin)

reachability games on infinite graphs




Regular Model Checking:
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Regular Specification

“Rich language for specifying parameterised systems
using automata”

Pioneered by:
: Kesten I\/Ialer I\/Iarcus Pnuell and Shahar(1997) ,
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Premier of regular
specifications

Configuration: represented as a word

Set of configurations: represented as a regular automaton
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|sraeli-dalton as a regular
specification

Configuration: a word over the alphabet {0,1,1}
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Configuration: a word over the alphabet {0,1,1}
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|sraeli-dalfon as a regular
specification

Set of configurations: a regular language over {0,1,1}




|sraeli-dalfon as a regular
specification

Nondeterministic transition relation: a regular language
over {0,1} x {0,1,1}

- AN )y - . ] = o NP Ny gt § AN A i = 1l "y R 4 el )
. St L b i L o -G S S AN S-Sy 1= o Bt ks s g Y o e S han i A 05 sl A I e U= H A
3 h N a4 dat = il v s s A =" S B i )“\' b AN T Ay v g i f e 04 Y " = seni() == - ~f =l i A " prar A=Al ' l X
e 2 LA s PR Ry el P __' b ,—,—,-"..., e ke W PP iy B . ,-—“,JI I tewl Al B - " B 3 N T s ok A y oy ' 23 ‘ - -
R ; . g L »S s
" ) ) : Y %




|sraeli-dalfon as a regular
specification

Nondeterministic transition relation: a regular language
over {0,1} x {0,1,1}
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|sraeli-dalfon as a regular
specification

Nondeterministic transiti i
StiC transition -
PP On relation: a regular language
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|sraeli-dalfon as a regular
specification
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|sraeli-dalton as a regular
specification

Nondeterministic transition relation: a regular language
over {0,1} x {0,1,1}
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|sraeli-dalton as a regular
specification

Answer: almost sure liveness for finite MDPs, need only
distinguish zero or non-zero probabillities

~ Proposition (Hart et al.’83): almost sure liveness = =
2-player non-stochastic reachability games




|sraeli-dalton as a regular
specification

Probabilistic transition relation: a regular language over
{0,1,1} x {0,1}

Pass to right
(w/o Mars bar)
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Semi-decision procedure

Proposition (Hart et al.’83): almost sure liveness =

@ wins non-stochastic reachability games
from each reachable state.




Semi-decision procedure

Prop (LR’16)




Semi-decision procedure

* Advice bits <A, <> are infinite objects

. Solution: represent A by an automaton and <
by a transducer (“regular advice bits”)

Prop:
fo

There exists a co

rveritying regula

mplete algorithm

radvice bits




Regular advice bits for
|sraeli-Jalfon




Learning Regu\ar




Problem

Although regular advice bits exist, a naive
enumeration might take a long time to find them




Our monolithic learning
procedure

L earner Teacher

Regu
VICE




INsige the |learner

SAT-solving to guess smallest DFAs

Boolean formu
reg
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as constraining candidate

Jlar advice bits



INnside the teacher

Automata-based algorithm

If Incorrect advice bits,
return cex
(as a boolean formula)




The learner then ...

L AN Add the counterexample constraint
from Teacher to further restrict
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The main bottleneck

The number of iterations

Y

The number of candidate regular advice bits considered
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Further optimisations

* Incremental learning algorithm: use
“disjunctive” advice bits
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EXperiments

(https://github.com/uuverifiers/ autosat/tree/master/
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Experimental results

m Incr Incr+Inv Incr+Symm Incr+Inv+Symm
Randomised parameterised §
Lehmann-Rabin (DP) [34]! 48min 10min
Israeli-Jalfon [47] i . : : 9.9s 9.7s
Herman [46] t L | L. . —
Firewire [35, 60] C 1. ;:5_' : : —

Szymanski [4, 65]

DP, left-right strategy

Bakery [4, 65]

Resource allocator [32]
Games on infinite graphs

Take-away [38]

Nim [38]




Experimental results

Mono | Incr Incr+Inv Incr+Symm Incr+Inv+Symm
Randomised parameterised systems |
Lehmann-Rabin (DP) [34] T/O { T/O T/0 48min 10min
Israeli-Jalfon [47] 4.6s |22.7s 21.4s 9.9s 0.7s
Herman [46] 1.5s 1§ 1.6s 2.4s —
Firewire [35, 60] 1.3s | 1.3s 2.0s —

Deterministic parameterised systems |

Szymanski [4, 65] 57s {27min  10min

DP, left-right strategy 1.9s | 6.4s 3.4s

Bakery [4, 65] 1.6s | 2.7s 1.9s

Resource allocator [32] 22s | 2.2s 2.0s
Games on infinite graphs |

Take-away [38] 288 | —

Nim [38] 53 | —







Summary of results

* Automatic method for proving liveness for
randomised parameterised systems, e.g.,

 Randomised Self-Stabilising (Israeli-Jalfon/Herman)
- * Randomised Dining Philosopher (Lehmann-Rabin)
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Future Work

 Embedding fairness in RMC
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