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Modeling tools and frameworks have improved drastically in the last decade due to
the maturation of metamodeling concepts and techniques (Brambilla et al., 2017). A
concern which did not yet receive enough attention is the temporal aspect of metamod-
els and corresponding models when it comes to model valid time and transaction time
dimensions instead of just arbitrary user-defined times (Gregersen, Jensen, 1999).

Indeed, existing modeling tools provide direct access to the most current version
of a model, but very limited support to inspect the model state at specific past time
periods (Bill et al., 2018; Benelallam et al., 2017). This typically requires looking
for a model version stored in some kind of model repository roughly corresponding to
that time period and using it to manually retrieve the required data. This approximate
answer is not enough in scenarios that require a more precise and immediate response
to temporal queries like complex collaborative co-engineering processes or runtime
models (Mazak, Wimmer, 2016).

To deal with these new scenarios, temporal language support must be introduced as
well as an infrastructure to efficiently manage the representation of both historical and
current model information. Furthermore, query means are required to validate the evo-
lution of a model, to find interesting modeling states, as well as execution states. Using
existing technology to tackle these requirements is not satisfactory as we later discuss.
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To tackle these limitations, we reuse well-known concepts from temporal lan-
guages to propose a temporal metamodeling framework, called Temporal EMF, that
adds native temporal support. In TemporalEMF, models are automatically treated as
temporal, and temporal query support allows to retrieve model elements at any point
in time. Our framework is realized on top of EMF (Steinberg et al., 2009).

Models history is transparently stored in a NoSQL database, thus supporting large
evolving models. We evaluated the resulting framework using an Industry 4.0 case
study of a production system simulator (Mazak et al., 2017). The results showed good
scalability for storing and accessing temporal models without requiring changes to the
syntax and semantics of the simulator.

Specifically, the contribution of this work is three-fold: (i) we present a light-
weight extension of current metamodeling standards to build a temporal metamodel-
ing language. This metamodel is also represented as a profile for augmenting existing
metamodels with information about temporal aspects; (ii) we introduce an infrastruc-
ture to manage temporal models by combining EMF and HBase (The Apache Soft-
ware Foundation, 2018), an implementation of Google’s BigTable storage (Chang et
al., 2006); and (iii) we outline a temporal query language to retrieve historical infor-
mation from models as an extension of the well-known Object Constraint Language.

Please note that contributions do not change the general way how models are used:
if only the latest state is of interest, the model is transparently accessed and manip-
ulated in the standard way as offered by the EMF. Thus, all existing tools are still
applicable, and the temporal extension is considered to be an add-on.

As further work, we plan to extend TemporalEMF in several directions. At the
modeling level, we will predefine some useful temporal patterns to facilitate the defi-
nition of temporal queries and operations. At the technology level, we will explore the
integration of our infrastructure in other NoSQL backends and Web-based modeling
environments to expand our potential user base. Finally, we aim to exploit the gener-
ated temporal information for a number of learning and predictive tasks to improve the
user experience with modeling tools. For instance, we could classify users based on
their typical modeling profile and dynamically adapt the tool based on that behaviour.
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