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We present a very simple approach to reducing the memory us-
age during a complete state space exploration. The method guar-
antees to examine each reachable state at least once, but poten-
tially several times, thus choosing memory performance over time
performance in a time/memory trade-off.

INTRODUCTION

We are often interested in finding out if a given predicate on states of a
system can be satisfied in any or all of the systems reachable states. To
determine this, one approach is to calculate the complete set of reachable
states and evaluate the predicate on each of these states. To know which
states we have already examined and which we have yet to examine—and
thus knowing when we have examined all states—we store the examined
states in a table.

The major problem with this approach is the so-called state explosion
problem: that the number of reachable states of a system increases dra-
matically with the complexity of the system, making it impractical to store
all reachable states in memory. A number of approaches have been devel-
oped to overcome this problem, ranging from efficient representations of
the individual states and sets of states [6, 8] to techniques for only calcu-
lating some of the state space, while still preserving the properties under
interest [4, 10]; deleting states after examining them [1, 5]; storing only
representatives for classes of states [2, 3]; or relying on probability theory
to examine all states with high probability, without explicitly representing
the set of states [7,9].

Here we propose a new reduction method that uses randomisation to de-
cide when to store a state in our table and when to discard it after exam-
ining it. The method is guaranteed to examine all reachable states at least
once.

A S IMPLE REDUCTION METHOD

The method is based on the simple idea of only storing a new state in our
set of known states with a certain probability; in essence we flip a coin to
determine if the state should be stored or forgotten. Since we do not store
all states right away, we hope to save memory—if we store states with
probability p we expect to have stored p · N states after having examined
N states—but of course at the cost of potentially re-examining the same



states several times, if several paths leads to the same state or if the system
has cyclic behaviour. If the same state is examined several times, however,
it will eventually be stored in our set of states—if states are stored with
probability p we expect to examine a state 1/p times before storing it—so
the method will eventually terminate. Since we do not terminate before we
know that there are no unexamined states, we guarantee that each state
is examined at least once.

One problem with the proposed method is that it sacrifices runtime for
memory usage; after having examined N states it will only have stored p·N
of them, but because of this it might not recognise a previously examined
state if it reaches it again, and it will therefore re-examine it and continue
to examine its successors who have also already been examined. For small
values of p we will only store a small fraction of the examined states, so
we potentially have to reexamine the same states a large number of times
before finally storing them, leading to a significantly increase in runtime.
This is especially a problem since the parameter p of the method is selected
a priori, when an appropriate value might not be obvious; if we select p too
high, we risk storing many more states than needed, but if we select p too
low, we risk having to examine large parts of the state space several times.

To alleviate this problem somehow, we can let p be a function of time,
or the number of states examined so far. If p starts out small, we will
not store a lot of states unnecessarily if we quickly terminate, but as we
explore more and more states, using more and more time, we will start
storing more and more of the states seen, until we eventually will store all
new states until we finally terminate. This does not completely eliminate
the problem of choosing an appropriate p, now as a function rather than
a fixed probability, but at least the probability will adapt to the problem
somewhat.

A variation of the idea above is to let p decrease, as a function of current
memory usage. If the memory begins to fill up, it might be appropriate to
save a smaller fraction of the examined states. This, again, increases the
running time, but the alternative is exhausting available memory, leading
to paging which also significantly increases the running time.

EXPERIMENTS

To evaluate the method experimentally, we need to select a number of
systems with various kinds of state space graphs (narrow/wide, strongly
connected or DAGs, complete/sparse), run the method on the systems with
various choices of parameter p, and obtain mean and standard deviation.
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