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Dependency pairs (DPs) [1,4,6] are one of the most powerful techniques for proving termination
of term rewrite systems (TRSs), and they are used in almost all tools for termination analysis
of TRSs.

A combination of two TRSs (a main TRS R and a base TRS B) is relatively terminating
if there is no rewrite sequence that uses infinitely many steps with rules from R (whereas
rules from B may be used infinitely often). Relative termination of TRSs has been studied
since decades [3], and approaches based on relative rewriting are used for many applications.

However, while techniques and tools for analyzing ordinary termination of TRSs are very
powerful due to the use of DPs, a direct application of standard DPs to analyze relative
termination is not possible. Therefore, most existing approaches for automated analysis of
relative termination are quite restricted in power. Hence, one of the largest open problems
regarding DPs is Problem #106 of the RTA List of Open Problems [2]: Can we use the
dependency pair method to prove relative termination? A first major step towards an answer
to this question was presented in [7] by giving criteria for R and B that allow the use of
ordinary DPs for relative termination.

Recently, we adapted DPs to prove almost-sure termination of probabilistic TRSs, by
using annotated dependency pairs (ADPs) [8,9]. In this adaption, one considers all defined
function symbols in the right-hand side of a rule at once, whereas ordinary DPs consider
them separately.

We show that considering the defined symbols on right-hand sides separately (as for
classical DPs) does not suffice for relative termination. On the other hand, we do not need to
consider all of them at once either (i.e., we do not have to use the notion of ADPs from [8,9]).
Instead, we introduce a new definition of ADPs that is suitable for relative termination and
develop a corresponding ADP framework for automated relative termination proofs of TRSs.
So while [7] presented conditions under which the ordinary classical DP framework can be
used to prove relative termination, we develop the first specific DP framework for relative
termination. We implemented our new ADP framework in our tool AProVE [5] and evaluate
it in comparison to state-of-the-art tools for relative termination of TRSs.

Related Version Extended abstract of our IICAR ’24 paper [10]
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