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Curated collections of models are essential for the success of Machine Learning (ML) and 
Data Analytics in Model-Driven Engineering (MDE). However, current datasets are either 
too small or not properly curated. In this paper, we present ModelSet, a dataset composed 
of 5,466 Ecore models and 5,120 UML models which have been manually labelled to 
support ML tasks. We describe the structure of the dataset and explain how to use 
the associated library to develop ML applications in Python. Finally, we present some 
applications which can be addressed using ModelSet.
Tool Website: https://github .com /modelset

© 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the 
CC BY-NC-ND license (http://creativecommons .org /licenses /by-nc -nd /4 .0/).

Metadata

Table 1
Code metadata (mandatory).

Nr. Code metadata description Please fill in this column

C1 Current code version v1.0
C2 Permanent link to code/repository used for this code version https://github .com /ScienceofComputerProgramming /SCICO -D -

22 -00335
C3 Permanent link to Reproducible Capsule Not applicable
C4 Legal Code License LGPL
C5 Code versioning system used git
C6 Software code languages, tools, and services used Python, Java
C7 Compilation requirements, operating environments and de-

pendencies
Tested on Linux

C8 If available, link to developer documentation/manual https://github .com /modelset
C9 Support email for questions jesusc@um.es

1. Motivation and significance

The application of Machine Learning (ML) to solve Model-Driven Engineering (MDE) tasks has become an active re-
search field. For instance, feed-forward neural networks are used to label software models [1], language models are used 
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Fig. 1. Architecture of ModelSet.

to recommend modelling concepts [2], or graph neural networks are employed to assess how realistic model generators 
are [3].

Despite these efforts, one important shortcoming is the lack of large datasets [4], which severely limits the generalization 
of ML models. There are few datasets for MDE, and they are either too small or not curated. For instance, the labelled dataset 
of meta-models [5] only contains a few hundred of them, and G. Robles et al. [6] presented a dataset of 90 K models but only 
a few of them can be processed with standard frameworks like EMF. For the Business Process Modeling (BPM) domain, the 
BPM Academic Initiative made available a dataset of about 30 K BPMN models built with different modeling languages [7]. 
However, its curation process and the origin of the models is not fully specified (e.g., it contains some labels but does not 
seem to be systematically annotated, many models look synthetic, etc.).

To alleviate this situation, we created ModelSet, a dataset with more than 10 K models which have been manually 
labelled. While the labelling approach has been previously presented [4], in this paper we describe the ModelSet toolset, 
including its architecture, libraries and applications.

2. Software description

ModelSet is a dataset of software models which have been manually labelled and curated in order to foster research in 
ML and MDE. The models were extracted from an early snapshot of the models crawled by the MAR search engine1 [8,9]. 
Then, they were labelled with their main category and several additional tags. The dataset contains 5,466 Ecore models and 
5,120 UML models, and is provided with a set of Java and Python libraries to facilitate its use and illustrate its potential 
applications. Next sections will describe the architecture and the main functionalities.

2.1. Software architecture

The project is structured in four separate components, which have been developed as separated projects in the ModelSet

Github’s organization.2 Fig. 1 shows the architecture of ModelSet.

Dataset. This component includes the relational databases and a set of Java-based tools to facilitate the release of new 
versions of the dataset. The project’s name of this component is modelset-dataset.

Python Toolset Library. This library aims at facilitating loading ModelSet and using it to train ML algorithms in Python-
based environments. The project’s name of this component is modelset-py.

Application examples. This component contains illustrative examples using ModelSet to perform simple ML tasks with 
software models. The project’s name of this component is modelset-apps.

Website. This component includes the code of the website of the tool, intended to explore the models and the labels of
ModelSet. The project’s name of this component is modelset.github.io.

2.2. Software functionalities

For users willing to use ModelSet, the software offer two main functionalities: (i) loading & exploring the dataset, and 
(ii) training ML models.

Loading & exploring the dataset. The dataset is provided as two relational databases for the Ecore and UML models, both 
in SQLite format. The database schema includes a table called model for basic model data (i.e., unique identifier, source 
repository and filename) and a table called metadata with label data (i.e., unique identifier and a JSON object with the label 

1 http://mar-search .org.
2 https://github .com /modelset.
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Fig. 2. Screenshot of MAR generating labels (from [4]).

information). The process of loading and accessing the databases is straightforward via SQLite plugins. Once the dataset is 
loaded, it can be easily explored with any database query interface using standard SQL queries.

Training ML models. The provided Python library is designed to facilitate the implementation of ML tasks with ModelSet. 
It helps to load the dataset and to prepare the data in a manner that is suitable for using well-known ML Python libraries 
(e.g., Scikit-Learn

3 or PyTorch
4).

3. Illustrative examples

ModelSet has been previously used to address classification tasks for Ecore and UML models. These types of tasks can 
be informally defined as follows: given an unseen model, identify which is the most probable label (or labels if it is a 
multi-label task) for the model. Although this problem has been addressed before the release of ModelSet, it was done only 
with small datasets [10]. The usage of ModelSet allows us to derive stronger conclusions, as described in recent work [11].

Moreover, the classification model [4] has been used to implement a faceted search facility in the MAR search engine. 
Fig. 2 shows an example, in which the models retrieved as a response to a query are automatically provided a category 
(label b) and a set of tags (label d). It is also possible to refine the search using the categories (label c).

4. Impact

ModelSet has been recently published, and therefore its impact is still emerging, but we foresee a number of scenarios 
where the tool can be useful.

Evaluation of clustering methods. ModelSet gives access to numerous models which can be used to evaluate clustering 
methods. In this case, the labels can be interpreted as cluster identifiers and used as ground truth.

Recommender systems. ModelSet may be used when analyzing specific categories of models (e.g., a recommender system 
for the banking domain).

Spurious model identification. ModelSet may be used to identify spurious models, that is, low quality models (e.g., partial 
or wrong models).

Label-based stratified evaluation. ModelSet may be used to evaluate ML models using train-test-eval splitting in a stratified 
fashion using the labels. This is useful to avoid bias in performance estimation as there are several domains that contain 
much fewer models than others.

Train embeddings. ModelSet may be used to train embeddings of models of a domain (i.e., clone detection or recommender 
systems in a domain).

3 https://scikit -learn .org /stable/.
4 https://pytorch .org/.
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Usage of models in education. ModelSet gives the opportunity to use models for illustrating purposes in educational envi-
ronments.

Statistical model analysis. ModelSet size helps to apply several statistical analyses and perform quality assurance.

5. Conclusions

The application of ML algorithms to address tasks related to MDE is increasingly being researched. However, an important 
element which may hinder the evolution of this research line is the lack of sufficiently large datasets. In this paper, we have 
presented ModelSet, a large labelled dataset of software models composed of more than 10 K models, its architecture, main 
functionalities and illustrative examples of its usage.

6. Future plans

As future work, we plan to continue enhancing ModelSet. To this end, we aim at associating other types of labels, like 
textual descriptions of the models (e.g., to generate textual summaries). We also want to improve the Python library with 
new features like detection of duplicate models and better integration with other ML libraries. Finally, we are looking into 
ways to integrate the models provided by MAR with the Python library of ModelSet, to use them in unsupervised learning 
scenarios.
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