Learning Models over Relational Databases
Dan Olteanu
Department of Computer Science, University of Oxford, Oxford, UK
dan.olteanu@cs.ox.ac.uk

Abstract
In this talk, I will make the case for a first-principles approach to machine learning over relational
databases that exploits recent development in database systems and theory.
The input to learning classification and regression models is defined by feature extraction queries
over relational databases. The mainstream approach to learning over relational data is to materialize
the training dataset, export it out of the database, and then learn over it using statistical software
packages. These three steps are expensive and unnecessary. Instead, one can cast the machine
learning problem as a database problem by decomposing the learning task into a batch of aggregates
over the feature extraction query and by computing this batch over the input database.
The performance of this database-centric approach benefits tremendously from structural properties of the relational data and of the feature extraction query; such properties may be algebraic
(semi-ring), combinatorial (hypertree width), or statistical (sampling). It also benefits from database
systems techniques such as factorized query evaluation and query compilation. For a variety of
models, including factorization machines, decision trees, and support vector machines, this approach
may come with lower computational complexity than the materialization of the training dataset used
by the mainstream approach. Recent results show that this translates to several orders-of-magnitude
speed-up over state-of-the-art systems such as TensorFlow, R, Scikit-learn, and mlpack.
While these initial results are promising, there is much more awaiting to be discovered.
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