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1 Introduction

Symmetry reduction techniques have been quite successtambatting the state-space
explosion problem for temporal logic model checking [2, Becently, there has been a
lot of interest in using model checkers to verify propertiéprobabilistic systems. We
describe work in progress in extending symmetry reductchniques to apply to discrete
time Markov chains and Markov decision processes, and preseliminary results imple-
menting symmetry reduction for thekRBm model checker [6].

2 Symmetry for DTMCsand MDPs

An automorphism of a Kripke structur® is a permutation of the states 8f which
preserves the transition relation. We have extended tHisitien to apply to DTMCs
and MDPs. Informally, an automorphism of a DTMTis a permutation of the states Df
which preserves the probability of making a transition leswstates. An automorphism of
a MDP M is pair of permutations, 7, wheres permutes the states @ff, andr permutes
the actions. Any paifo, 7) must satisfy the following: for any statest, if actiona may
be taken froms resulting in a probability distributiom, then actionr(«) may be taken
from o (s) resulting in probability distribution’ such thaf(t) = p/(o(t)).

It can be shown that the set of all automorphisms of a DTMC foargroup under
composition of mappings (similarly for MDPs). Any group aftamorphisms acting on a
DTMC D induces an equivalenee, say, on the states @ which is a probabilistic bisim-
ulation onD if the labelling of states is restricted to propositions ethareinvariantunder
the group. Similarly, any group of automorphisms acting oriVilDP M induces equiv-
alencesvg and~ 4., say, on the states and actions/of respectively. The equivalence
~g is a probabilistic bisimulation oM (restricted to invariant propositions) at a level of
abstraction where actions which are equivalent uadgr, are regarded as the same.

In both cases, these bisimulations allow the definition cpropriate quotient struc-
ture with respect to the groug. Given apCT L* formula¢ which is invariant unde6,
¢ can be safely checked over the (generally smaller) quob&MC/MDP. For details of
probabilistic bisimulations and invariance groups sed]hnd [2] respectively.

3 Implementing symmetry reduction for PrRism

Symbolic model checking has been shown not to be directlypadifole with symmetry
reduction over a quotient structure, due to the prohibigilerge BDD required to compute
representatives of states [2]. An alternative approackpioding symmetry in symbolic
model checking, for fully symmetric programs, involvesiskation of the source program
foramodel into yenericprogram [3]. The state-space associated with the genexigam



is isomorphic to the quotient structure with respect to sytmyn but the generic program
can be model checked directly, without using a BDD to comptdte representatives.

#processes || time(orig) | nodes(orig) || time (generic) | nodes (generic)
10 6.2s 27,957 3.0s 17,367
12 13.3s 40,687 3.7s 22,683
14 21.0s 55,721 5.0s 28,158
16 31.6s 73,059 7.8s 39,443
18 53.1s 92,701 10.7s 46,110
20 1m34s 114,647 13.6s 52,997
22 2m22s 138,897 17.9s 60,036

Table 1: Time for construction and number of MTBDD nodes resflifor mutex example.
Experiments performed on a PC with a 2.4GHz Intel Xenon msoe

We have extended this approach to apply to thesi® model checker. We have im-
plemented a tool which translates models written in a wefinge subset of the fsm
language, which we caflymmetridPrism, to a generic form which can be model checked
directly. Our approach applies tmndeterministidPrism programs, for which the asso-
ciated model is a MDP. Given a symmetrigiBm program and the generic program into
which it is translated, the MDP associated with the genembgram is isomorphic to the
guotient MDP for the symmetric program with respect to iteugr of automorphisms.
Symmetric properties for the original program can be alstrdreslated into a generic form
for model checking over the generic program.

Preliminary experiments for a randomized mutual exclugostocol [5] are shown
in Table 1. As the number of components in the model growsMbBé® for the generic
program requires significantly fewer MTBDD nodes than thigioal, and model building
is much faster.
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