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Probabilistic term rewrite systems (PTRSs) have been introduced in [3,4]. A PTRS is almost-
surely terminating (AST) if every evaluation (or “reduction”) terminates with probability 1.
A strictly stronger notion is positive AST (PAST), where every reduction must consist of a
finite expected number of rewrite steps. An even stronger notion is strong AST (SAST) which
requires that for every term ¢, the supremum over the expected number of rewrite steps of
all possible reductions starting in ¢ is finite. It is well known that SAST implies PAST and
that PAST implies AST.

Currently, the only approach to analyze SAST of PTRSs automatically is the direct
application of polynomial or matrix interpretations to the whole PTRS [3]. However, already
for non-probabilistic term rewrite systems, such a direct application of orderings is limited in
power. For a powerful approach, one should combine orderings in a modular way, as in the
dependency pair (DP) framework, which is one of the most powerful approaches to analyze
termination and runtime complexity of term rewrite systems, see, e.g., [1,2,5,7,10].

Therefore, we already adapted the DP framework to the probabilistic setting in order
to prove AST, both for innermost and full rewriting [9]. Moreover, in the non-probabilistic
setting, DPs were extended to analyze complexity instead of just termination, see, e.g., [2,10].
But up to now there did not exist any DP framework to prove SAST or PAST, or to infer
bounds on the expected runtime of PTRSs.

Therefore, we develop the first DP framework for SAST and expected innermost runtime
complexity of PTRSs by lifting the DP framework for AST from [9] accordingly. To evaluate
the our novel framework, we implemented it in the tool AProVE [6] and demonstrate its
power compared to existing techniques for proving SAST.

Related Version Extended abstract of our PPDP ’25 paper [8]
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