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1 Motivation

The behavioural comparison of systems is an important concern of software engineering
research. For example, the areas of specification discovery and specification mining are
concerned with measuring the consistency between a collection of execution traces and
a program specification. This problem is also tackled in process mining with the help of
measures that describe the quality of a process specification automatically discovered from
execution logs.

Technically, behavioural comparisons are often formulated in a relative manner, defining
a quotient of some aspect of one behaviour over the same aspect of another behaviour.
For instance, the quotients of the behaviours of a system at different points in time reveal
how the system has changed. In process mining, in turn, the quotient of the behaviour of
a system as recorded in a log over the behaviour as specified can be used to analyse the
trustworthiness of the latter [Ca18]. Yet, defining such quotients is challenging: A recent
commentary on measures in process mining identifies a set of intuitive properties and shows
that none of the available measures fulfils them [Ta18]. That is, measures lack monotonicity
or cannot handle infinite behaviour.
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2 Approach

In this work, we address the problem of behavioural comparison by introducing a new
framework for the definition of behavioural quotients. To this end, we approach the problem
of behavioural comparison based on the notion of a formal language, which is a suitable
starting point to capture the sequential (state-based) behaviour of a dynamic system.
Specifically, we address the problem of how to define meaningful quotients for behavioural
comparison of finite and infinite languages.

Our contributions include a framework for the definition of behavioural quotients that
guarantee desired properties. Our framework is then used to instantiate two quotients that
are grounded in the cardinality of a language (for finite languages) and the entropy of an
automaton (for finite and infinite languages). It was recently shown that our entropy-based
measures satisfy all the properties put-forward in the literature for recall and precision
measures [STvdA19]. We further show how the proposed quotients can be used to define
monotone precision and recall measures between the behaviour as recorded in an execution
log of a system and the behaviour captured in a specification of the system.

3 Evaluation

Based on the jBPT library [PW13], we implemented the proposed precision and recall
quotients in a tool that is publicly available.7 Comprehensive experiments with execution
logs of real IT systems highlight that existing measures indeed violate the monotonicity
property. Moreover, the results of controlled experiments underpin that our quotients enable
meaningful conclusions on the relation of the behaviours of two systems. Finally, we explore
the scalability of the computation of our measures. The results illustrate the importance of
convergence properties on the runtime of the method.
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