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ABSTRACT

Deep Learning is one of the next big things in Recommendation
Systems technology. The past few years have seen the tremendous
success of deep neural networks in a number of complex machine
learning tasks such as computer vision, natural language processing
and speech recognition. After its relatively slow uptake by the
recommender systems community, deep learning for recommender
systems became widely popular in 2016.

We believe that a tutorial on the topic of deep learning will do
its share to further popularize the topic. Notable recent applica-
tion areas are music recommendation, news recommendation, and
session-based recommendation. The aim of the tutorial is to encour-
age the application of Deep Learning techniques in Recommender
Systems, to further promote research in deep learning methods for
Recommender Systems.
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1 INTRODUCTION

The aim of the tutorial is dual, 1) we would like to introduce Deep
Learning techniques that have been used in recommender systems
such as Recurrent Neural Networks and Convolutional Networks
etc. 2) we would like to present the current state-of-the-art methods
that use deep learning techniques to provide recommendations.

Machine learning methods such as matrix factorization and ten-
sor factorization have been frequently used in the area of recom-
mender systems deep learning methods. These methods share in
fact some similarities to deep learning such as e.g. the use of Sto-
chastic Gradient Descend (SGD) for optimization. One can in fact
cast matrix factorization as a neural network. In that respect the use
of deep learning methods in the recommender systems community
represents a natural step.

Deep Learning provides a new toolkit for recommender systems
practitioners to extract features and to model user generated data
and item data that has the potential to provide large improvements
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in the quality of the recommendations provided to users. Part of
the power of deep learning techniques in recommender systems
stems from the fact that deep learning methods allow for much
better feature extraction from item characteristics such as image,
video and audio compared to traditional techniques. This allows
for a more accurate modeling of items based on their content, thus
one can potentially expect hybrid and content-based methods to
perform better compared to traditional content based techniques
whenever deep learning is used. Another advantage deep learn-
ing methods provide is that they allow for different views of the
data, standard collaborative filtering techniques such as matrix fac-
torization have often treated user-item interaction as flat matrix
structured data often ignoring the temporal structure and order in
the data. Deep learning techniques like convolutions and recurrent
neural networks allow us to model the temporal structure in this
data leading to significant performance improvements.

2 DEEP LEARNING TECHNIQUES FOR
RECOMMENDER SYSTEMS

Deep Learning has become popular after a 2006 paper by Hinton [7]
described how to train deep neural networks using unsupervised
layer-wise training (Deep Belief Networks). Since then there has
been an immense amount of research in the area with impressive
results in ares such as computer vision, speech recognition and
natural language processing. The uptake of deep networks in the
recommender systems community has been relatively slow but
recent advances in the area of deep learning and recommender
systems have encouraged researchers and practitioners to use these
methods. Deep neural networks are now used in a range of rec-
ommender systems algorithms and form a considerable part of the
program of many Information Retrieval conferences and indeed of
the ACM RecSys conference.

Over the last 3-4 years there has been a number of notable pub-
lications in the area of deep learning for recommender systems.
This deep learning work can be broadly grouped into the following
categories:

¢ Embedding methods. This class of methods utilize em-
bedding techniques inspired by deep learning methods
such as word2vec [8] to embed user, item,[11], [13] or con-
text profiles in latent spaces. These embeddings can then be
used either directly to provide recommendations or as in-
put to other (typically supervised) (deep learning) methods
that provide the recommendations. While matrix factoriza-
tion can be also viewed as an embedding technique, 2vec
type embedding techniques are often somewhat more flex-
ible then the matrix factorization models often employed
in collaborative filtering.



e Feedforward Networks and Autoencoders for Collab-
orative Filtering. These methods use either Feedforward
or Autoencoder [9], [14] networks directly on the user-
item interactions in order to build collaborative filtering
models that can then be used for recommendations. These
methods can also be seen as a form of deep factorization
methods. Deep Factorization Machines [2] can be seen as
an example of this class of methods. These methods often
outperform standard model-based collaborative filtering
methods.

e Deep Feature extracting methods. This class of deep
learning for recommenders methods focuses on using deep
networks to perform feature extraction on the item features.
These features are then either used in a more standard (hy-
brid) collaborative filtering methods or often the feature
extractor is part of a larger deep architecture that also
models other aspects of the data. Examples of this class of
methods includes convolutional methods for image feature
extraction for hybrid collaborative filtering methods [3], or
convolutional networks for audio and music feature extrac-
tion [10] or even text-based recommendations with neural
feature extractors (RNN’s or convolutional networks).

o Session-based Recommendation with Recurrent Neu-
ral Networks.

These methods are based on the fact that often user
interactions with content are in sessions, e.g. music listen-
ing, shopping. Moreover one often does not have a reliable
user-identifier to model user preferences. In this case on
can resort to model sessions as sequential data and one of
the best performing models for sequential data are Recur-
rent Neural Networks. Typically GRU’s are used in these
models as they seem to perform equivalently to LSTM’s
and have slightly less memory usage. These models have
been shown to outperform traditional methods by a large
margin [5], [6], [4].

3 FUTURE

Deep Learning techniques are constantly progressing and several
new techniques have been recently introduced such as e.g. Adver-
sarial Training, Siamese Networks, one-shot learning and much
more. While the application of these techniques to the recommender
systems domain is not obvious at the moment we do believe that
these and other techniques will eventually be adopted by the rec-
ommender systems community.

We also expect a significant increase in deployment of deep
learning models with content-based methods becoming more pop-
ular due to increased quality of features that can be extracted with
these methods. Another area where we believe that deep learning
methods will become instrumental is the area of conversational
recommender systems [1]. Deep models are used in conversational
agents (bots) [12] and it is only natural that they will eventually be
used in conversational recommender systems.
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